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ABSTRACT 

The oensioned modified housefal.1 method of replenish- 
ment “at~ sea provides a systerii by which a cargo load can 
be transferred from one ship to another imdervjay a,t sea 
through the use of a simple v;ire rope arrangement* This 
system requires two v;inch drums on one of the ships and 
provides fine control of cargo trolley movement as related 
to either of the two replenishing ships* A major problem 
in the realization of an operating replenishment-at-sca 
system of this type is the development of a satisfactory 
automatic tensioning control* V/irc tension must be main- 
tained v/ithin a narrow range during the rcplenislmcnt-at- 
sea operation in spite of the individual movements of the 
tv;o replenishing shipvS, the transit movement of the cargo 
trolley from ship to ship, the varying separation between 
the tv;o ships involved and other disturbances* If v/irc 
tension becomes too high the wire v/ill part* Since v/ire 
tension is used to suspend the trolley load a loss of 
v/irc tension during the replenishment-at-soa operation 
will cause the trolley load to strike against ship 
structure or to drop into the sea* The goal of this re- 
search effort is the development of an automatic tension- 
ing control for a contemplated operating model of a tensioned 
modified housefall system* 
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I. INTRODUCTION 

Basic requirements for an automatic tensioning con- 
trol are presented in Appendix A, Tliis appendix starts v/ith 
the fundamentals for maintaining constant tension in a 
cable stretched betv;cen two points \fith the distance betv/een 
these tvTO points var3’‘ing« From this basis Appendix A 
presents the development and description of the tensioned 
modified housefall I’eplenisliment^at-sea arrangement v/hich 
possesses the capabilities described in the abstracto 
Appendix B, taken from previous material, further illus- ■ 
trates the operation of the tensioned modified housefall 
arrangement. Appendices C and D, also material prepared 
previous to this report, describe the model system v;hich 
this report concerns and the status of the development of 
this model prior to the research effort reported herein* 
Relative to the development of controls for the contem- 
plated model Mark II it should be apparent, following 
reviev; of Appendices C and D, that the next logical step 
toward realization of this model is the more extensive 
analysis and design of the automatic tensioning control 
system. Appendix E contains calculations supporting the 
results of this report. 
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II. ^^ETHOD OF ATTACK 

Initially a general control arrangement was designed 
along the lines of the automatic tensioning control 
described in Appendix D* VJith the exception of the servo 
valve, the hydraulic components selected are all commer- 
cially manufactured itemSo Elariticity relationships and 
free body diagrams v/ere studied to determine the effects 
of changes in the separation betv/een tv/o ships, of changes 
in the lengths of the wire ropes, and of changes in the 
trolley load position upon the tension in the rig vdreso 
A transfer function relating tension changes and changes 
in the lengths of v/ire rope within the replenishraent-at- 

sea rig was developed* A block diagram of the entire 

* 

automatic tensioning control system v;as constructed* The 
open loop portion of this block d5.agrara v;as established 
as the product of tv;o principal separate transfer functions: 
the v/ire rope sub^systera and the mechanical-hydraulic 
combined v/inch and control sub-systerao The latter transfer 
function v/as approximated v/ith lumped impedances, V/ith 
adjustment of some of the control paramctCi's a stable trans- 
fer function evolved for the open loop system. Thus 
preliminary indications of the sizes of mechanical and 
hydraulic control components for a stable automatic tension- 
ing control system were obtained. 
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IIIo DESGRIFrXON OF CONTROL ARRAN GEI-D^MT 

Figure 1 is a schematic of the automatic tensioning 
contx'ol system studiecU If the tension in the viire i'ope 
rig increases above the desired value the toivrae locading 
upon the v;inch drums is increased thereby similarly in- 
creasing the hydraulic pressure on the pay-in side of each 
hydraulic motoro Thus the hydraulic pres.sures and 
are increased further advancing the pistons and rods of the 
differential actuators against a common compression spring© 
Inci'eased hydraulic pressures {P^ f P^) cause the piston 
rods to advance in direction A© Hydraulic servo flov; is 
established to the A end of the control actuator v;hile the 
B end of the control actuator is drained© The control 
actuator rod moves thereby positioning the stroke control 
racchanisras of the variable displacement hydraulic pumps 
in the proper direction to generate main hydraulic trans- 
mission flo\ir q© This flo;-; rotates the rotors of the hydrau- 
lic motors to pay out vfirc from the v/inch drums© Tiius the 
rig tension is reduced© l^ovemont of the control actuator 
rod also positions a sleeve of the servo valve which nulli*^ 
fies servo flov; to the control actuator as the control 
actuator rod approaches the position dictated by the servo 
valve spool position. Tension is thereby restored to the 



6 




desired value « 



The autoiviatic tensioning contro3. operate 



in a sjjallar but opi'-»ocito iviannor if rig tension decrease 



belov; the desired value© 



IV <• TKN SXON^-LCN GTH RELATION Sfl 1 P 



Figure 2 i3.1u£;t rates the effects of varying separa*- 
tion and of cargo tro3.3.cy position upon the relat-ionship 
of tension to v;ire rope length© Also tabulated v;ith figure 
2 is a comparison of methods of controlling tension: 
vrtiether tension should be held constant in the transfei' 
v;hip, or in the inboard v/hip, or v;hcthcr the sum of the 
tensions of both v/hips should be maintained constant© The 
results tabulated vjith figure 2 v;ert3 obtained from studies 
of free body diagrams emd elasticity© Mote that the ratio 
of the change in v/ire rope tension over the corresponding 
change in v/iro rope length varies from l/i-©52 lbs ©/in© to 
90©2 lbSc/in», the exti'emes being the maximum separation 
(200 ft©) vrith the cargo load at mid^span and the minimum 
separation (40 ft,) v;ith the cargo load at either terminal 
(or v/ithout a cargo load) respectively. From the tabuJ.a“ 
tion also v/ith figure 2 it is apparent that the best ten- 
sion quantity to control is the sum of the tensions of both 
whips© Limiting maximura tension to 330 lbs© on cither of 
the vjhips by maintaining a constant sum of tensions on both 
whips a load carrying capability of 245 lbs, and a tension 
differential of 37«3 lbs© in each whip during transfer is 
obtained as compared to corresponding values of about 230 
lbs* v/ith a 92 to 95 <.5 IbvS© tension differential in one 
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whip if the tension in the other whip is maintained constant« 
The preceding analysis w'as based upon static conditions 
v;here the tension quantity could ideally be maintained con- 
stant® VJith actual operating conditions the situations 
analysed vjould be the upper extreme of the range v/ithin which 
the tension quantity could be maintained under the most 
severe circumstances for v^hich the system is to be designed® 
The tension-length transfer function is developed in figure 
3® This transfer function is a function of rig geometry 
and elasticity® Rig geometry, in turn, is a function of 
cargo weight and cargo position, v;hile elasticity is a func- 
tion of the total v;ire rope length involved® Development of 
this transfer function is based upon the following assump- 
tions ; 

(a) Tiie wire rope is Vvcightless® 

{by Elastic theory (Hooke’s law) is valid® The 
modulus of elasticity E r? 14,000,000 psi and the vrire I'ope 
area 0® 00616 sq® in® 

(c) Tiie v/ire rope system is not influenced by 
dynamics® 

(d) The influence of cargo position varies as 

the product of the proportional distances of the cargo from 
each terminal® 

(e) The influence of cargo position varies directly 
as gross cargo loa^^veJr^il't_. 

(f) The terminal locations are at the same height® 
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^^ECHy\^'lIGAL-HYDRAULlC SUB^SYSlWi 

Figure 4(a) is a block diagram of the combination rig 
and control systenu In figure 4(b) and 4(c) the block diagram 
is adapted for analysis utilizing lumped impedances* In 
figure 4(d) the transfer function relating the change in 
”pay~in” pi'essure (sensor pressure Pg) to the main drive 
hydraulic flovj (Fp) that this change of ”pay-in’' pressure 
causes* The transfei' f unction , relating tension changes 
to corrective v;ire rope flow (F^,,) is developed in Appendix 
E* This transfer function is based upon the following 
assumptions: 

(a) Parameter values are true* 

(b) Luiriped impedance approximations are effective*, 

(c) Control linkages have no inertia, friction or 
stiction* * 

(d) Servo valve has the linear characteristics 
calculated* 

(e) Electric prime mover operates at 1700 RPM* 

(f) Volumetric efficiencies of hydraulic components 



are as estimated* 
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VI. COKGLUSIONS 

I^sed upon a stable transfer function determined 
through the -use of lumped imi)edance approximation, the ini“ 
tial design of an automatic tensioning control system v;as 
completed including the si^eo of hydraulic components, 
spring rate and vai'iable displacement hydraulic pump stroke 
control lever lengths* 

The transfer function derived in this report 
should be considered a first approximation relative to the 
construction of the automatic tensioning control of this 
report* In assembling and testing a prototype of this model 
provision should be made for parameter adjustment. V/ith 
the prototype model it should be possible to readily ex~ 
change the compression spring in search of the best suited 
spring rate to usej and to change the lengths of the control 

<s 

levers which stroke the variable displacement hydraulic 
pumps. Other parameter adjustments ai’e feasible but with 
more difficulty. For instance, hydraulic components in 
the control arrangement could be replaced by larger or 
smaller sized units should this be necessaiy* 

Future efforts could include: 

(a) Fieviev;, factoring, simplification, further 
development and evaluation of the transfer functions. 
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(b) Analysis of the effects of parsmetei"' changes 
upon the system (such items as changes of hydraulic oil 
temperature, changes of load inertia, inei’tia effects of 
tensioning correction phased to the delivering ship as 
compared to tensioning correction phased to the receiving 
ship, inertia effects of cargo transit, effects of cor- 
recting tensj.on against the load as contrasted with cor- 
recting tension v/ith the load (overhauling load) as related 
to system stability and the capability of maintaining 
constant tension, effects of v/incli^ruin reversals, etc,). 

(c) Computer simulation and analysis v;ith inputs 
simulating disturbances such, as ships’ rolls, (Ships’ 
rolls can be conveniently represented by sine v/aves v/ith the 
same periods as the real ships. Thus simulation of the 
combined rolls of two replenishing ships can be provided by 
summing tv/g sine v/aves), 

(d) Actual construction of the real model v/ith 
operating tests, analysis and evaluation, 

(e) Study, analysis or construction of other methods 
of automatic tensioning control, 

(f) Arialysis v/ith respect to a perfonnance criteria, 

(g) Reliability studies and development of fail- 
safe features, 

A suggested performance criteria is the minimization 
of the difference betv/een the maximum and the minimum values 
of the tension encountered under actual circumstances in the 
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mofit severe environment in v/hich the replenislunent'-at-sea 
system is anticipated to operate® To make this cx-iteria 
comparable to other systems v;hich may opej.-'ate at a different 
tension the tension difference referred to above should be 
divided by the desired value of tension to be maintained 
constant® Thus, on this basis, the perfoi’mance criteria 
v;ould be v^here T is the difference betv/een the 

extreme tension quadities encountered in the most severe 
enviroJiment under v;hich the i’cplenishment~at«-sea system is 
intended to operate. Justification of this type of per*- 
formance criteria is that a certain minimum tension must 
be maintained to adequately suspend the cargo load v/hile 
a maximum tension must not be exceeded to prohibit the 
v/ire I'ope from pai'ting* If the diffex'ence tetv/een these tv;o 
cxti'eme tension qualities can be minimized, the maximiim 
tension encountered can be reduced® Thus lax'ger cargo loads 
could be carried by x'eplenishmcnt-at-sea rigs utilizing 
smaller \\dre rope v;ith smaller associated fittings as com- 
pared with equal capacity systems with a larger difference 
between these tv.’o cxti'eme tension values® Relative to perform- 
ance evaluation, pov;er consumption appears secondary to the 
capability of maintaining constant tension* Hov/ever a 
limitation of the peak povjer requirement should be considered 
in the comparison of different systems® 



VXle CLOSURE 



Subsequent to the pi'eparation o£ the main body 
of thivS report the follov/ing has become apparent© 

Improvement could be reali?ied if the tension quality 
controlled vjas the highest tension value of the two v.’ire ' 
.ropes used instead of controlling the sum of the tension 
qualities (T^ >1- T^) as evolved earlier in this report* 
Considering cargo trolley transit from the delivering ship 
to the receiving ship the inboard whip tension (T^^) vfould 
be maintained' constant while the trolley travels from 
the delivering ship to mid-span v/here the tension qualities 
become equal (T^ ~ trolley passes mid-span 

enroute to the receiving ship the transfer whip tension 
becomes greater than the inboard whip tension T^), 

thus the tension quality then controlled is that of the 
transfer v/hip (T^)® Using the same comparison as v;as 
previously used to establish the superiority of controlling 
the tension sum constant the cargo load capability (V/) be- 
comes 264 lbs* vice 245 lbs© The inboard v;hip tension dif- 
ference during transit increases from 37*3 lbs© to 

55*1 lbs, v/hile the same quality in the transfer v;hip in- 
creases from 37*3 lbs. to 60©6 lbs. The inci'ease in cargo 
load carrying capability makes controlling the higher 
tension quality more attractive than controlling the sum 
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of the toncion qualities in spite of increases in the tension 
differences during cargo transit in both whips * Table 1 



offers 


comparison v;ith the 


tabulation presented in . 


2 for the control of other 


tension qualities; 


Table ! 


1 


Controlled Constants 


Region 




or T^ s 330 lbs* 


« 1 " 


^a 


330 lbs 




Tb 


269.4 




0 a 






'^a - 


330 




" 0 b 


IIM2’ 


ti^tf 


Ta 


274.9 






330 






230^351 






55.1 lbs. 






60*6 




V/ 


264 



The control mechanism shown in figure 1 would 
require modification so that only the greater of the two 
wire rope tension values would displace the servo valve 
spool* The spring rate as evolved in Appendix E v?ould be 
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reduced from 47^ lbs«/ino to 257 IbSo/in® Figure 5 illustrates 
a possible dJfferontial actuators to servo valve spool ar~ 
rangement for utilising the greater wire rope tension 
value only* 
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IXc APPENDICES 



APPP;i'IDIX A 



FCKCILATIOM OF PROBLHM 



I 



t 



FOHICLA'I'IOK OF PROBLEM 



Figure 1(a) shows a quantity of vn'.re rope; 
length Lq with a force, tension Tq, applied axially 
along this v/ire ropOo One end of the v;ire rope is 
attached at a fixed point A while the other end, B, 
is located by' the force, Tension Tq*> 

If the Tension Tq ivS increased from its ini- 
tial value Tq to the v;ire rope is strained such 
that the end of the v/ire rope at point Bq moves to 
point Bj and the length is elongated from to 
figure l(b)e 

If the Tension T^ is decreased from its initial 
value Tq to T 2 the strain is reduced such that the end 
of the v/ire rope has moved to point B^ and the length 
is reduced from Lq to L 2 > figure l(c)e 

Note that the length of the v/ire, L, varies 
directly as the tension T applied to the v/ire, 

L n kT (1 

Compliance with Hookers Law is assumed: the 

strain is proportional to the stress© 

Suppose that a fixed segment of v/ire is at- 
tached bctvjcen tv/o points A and B; hov/ever the separa- 
tion betv/een these points is not constant. 

For purposes of this illustration point A 
will be fixed v/hile point B moves© See figure 2, 

Let M n separation© 

As point B moves to the right the separation M 
increases from to the v/ire rope is elongated an 
equal amount: 



■A Lqi s am (disregarding catenary effects 
and the v/eight of the v/ire rope) thus Lq increases to 
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To elongate the \Jire rope an additional tensile 
load is applied to the \;ire rope as point B moves to 
the x'ighto Thus the tension in the wire rope incx’cases 
from O’o 

Similarly if point B moves to the left the 
sepas'ation is decreased from Mq to the length of the 
viire rope is decreased f x’ora Lq to L 2 and the tension 
in the v/ii'o I’ope decreases from Tq to T 20 

Mov/ suppose that it is desii'ed to maintain the 
tension in the wire rope at an optimum value v.’hile the 
wire I'opo is suspended in a taut manner between two 
points, the separation of these two points being 
variable c 

To accomplish this the quantity of wire rope 
suspended betv/een the two terminal points v/ill be 
varied in response to the variation of separation 
between those two pointSo 

One end of the v;ire is attached to a power 
operated reel, vrinch drum, in the vicinity of point 
Ao The other end of the v;ire, the free bitter end, 
is attached at point B* 



For illustra.tive purposes, consider point A to 
be at a fixed point while point B movesc (This is 
only a manner of vieviing this situation, the important 
matter is not which point moves, but that there is 
relative motion betv/ecn these points and that the 
distance betvreen those tv;o points varieso) See figure 3« 

In figure 3(a), as an initial condition, assume 
that the wire rope segment suspended betv/ecn the v/inch 
drum at A, and the point B has a length and that 
the tension coi'responding to the length of the 
quantity of v;ire rope suspended betv/ecn points A and 
B is Tqc 



In figure 3(b), point B has moved from Bq to 
Bi and the length of the wire rope suspended betv;cen 
points A and B has been elongated from Lq to Li an 
increment represented by AL«, The tension in the 
v;ire has increased from T^ to Ttl« 



h 



■if 





In figure 3(c}j point B rcraains at Bj_ and the 
length of the wire rope segment remains Lj as in figure 
3(b}o However an additional quantity of wire rope, 
corresponding to the increment A. L has been added by 
rotation of the winch drum in a clockv;iss directioiio 
The tension Tj^ of figure 3(b) is decreased to the 
desired value Tq« 

In figure 3(d), point B has moved from B^ to 
B 2 (referring back to figure 3(a)) and the length of 
the vnlre rope suspended between points A and B has 
been shortened firom to an increment represented 
by ABo The tension in the 'wire has decreased fi-orn 
Tq to 

In figure 3(e), point B remains at B 2 and the 
length of the wire rope segment suspended betv/een 
points A and B remains L 2 as in figure 3(d)«. However, 
an increment of v;ire rope, cori'Gsponding to -^L has 
been taken from the quantity of v;ire rope suspended 
between the points A and B by rotation of the vrinch 
drum in a counter clockv/lse direction<, The tension T^ 
of figure 3(d) is increased to the desired value Tq, ^ 

\ 

Examination of figure A shov;s three items 
which influence tension T in the wire rope segment 
boti^een points A and B© 

These three items are: 

(a) . Movement of point A, x 

(b) Movement of point B, y 

(c) Rotation of the v/inch drum, z 

For convenience, consider these items to be 
positive if they tend to increase the tension load 
T of the v;ire« Thus: 

x is positive if A moves to the left* 

y is positive if B moves to the right* 

z is positive if the vrinch drum rotates 
counter clockwise* Consider z to be the movement 
of the wire caused by the rotation of the v;inch drum* 

If the v;ire rope is initially placed bctv;een 
points A and B in a manner as illustrated in figure 4 
with a resultant tension T^* Then points A and B move and 
the \7inch drum rotates the resultant change of tension 
T may be expressed: 
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ydT Axd y '1 Zi z 


( 2 ) 


or 




KZi T « Ax + Ay 1 A z 


(3) 


Considering time : 


X- 


(4) 


Ideally, if T is to be held constant: 


1 X c <* 0 


(5) 



The quantity ^ 4 ^ S may be split into 
tvjo sub^quantities readily identifiable v;ith replenish- 
at-sea© 

Sub-quantity X 4 y is the separation variation 
between the terminal or suspension points of the replenish- 
at-sea rig© Th.i s sub-quantity itself is the sura of the 
movomcats (velocities/ of the rig suspension point at 
each replenishing ship* ± is ^predominantly due to the roll 
of the delivering ship while y is predominantly due to the 
roll of the receiving ship as illustrated in figure 5* 



Sub-quantity z is the rotation (peripheral 
velocity) o'f the vrinch drum. 

To maintain coiivStant tension, equation (5) should 
be continuously satisfied during the replenishment-at- 
sea oper'ationj Thus sub-quantity S: 4 y is the dis- 
turbance vrhile sub-quantity 2 is the correctional 
response intended to maintain the tension constant© 

Because s follovis x 4 y it is not possible to 
maintain the value of tension T ideally constant; it 
should be possible to maintain the tension vrithin close 
tolerances hov/ever© 

The arrangement shown in figure 5 serves to 
illustrate the manner in v/hich tension is to be con- 
trolled© Hov;ever, the method of transferring cargo from 
ship to ship v;hile simultaneously controlling tension 
has not been illustrated© 
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For initial il3,u3t>.-ative purposes, referring 
back to figure 5; suppose that the bitter end of the 
v;irc rope shovm in figure 5 is detached from point B 
and attached to a cargo loado In addition a v/inch drum 
is p3.aced aboard the receiving ship in the vicinity of 
point Bo An additional quantity of vjire rope is at~ 
tached to tlie winch driua at point B; the bitter end 
of this added quantity of v;irc rope is attached to 
the cargo load* TJie resulting rig configuration is 
shown in figure 6* 

Con side?' the cai*go to be v;eightless for 
initial explanatory purposes* 

Referring back to equations (4) and (5), note 
that the follov/ing substitution can be made and that 
these basic relationships remain applicable; 



vjherc: 



Za is positive if the v;inch drum at A rotates 
c o unt e r do clew i s o * 



z^ is positive if the winch drum at B rotates 
clockv/ise* 



Equations (4) aiid (5), rev;ritten are; 

l/'T- x"4 y-i - 2^ (7) 



Note also that the position of the cargo 
is related to and z^« V/ith initial conditions 
that Zq “ 0 v;hen the cargo is at point A and z^ u 0 
v;hen the cargo is at point B the follov/ing relation- 
ships apply; 

a « (9) 

b S (10) 



with 



a n distance from point A to the cargo* 



i 



J 



b “ distance frora point B to the cargo® 



The reason for the winus signs is duo to the 
conventio 2 i established through v/hich ?.a and are 

positive if they resuJ.t from rotation of the winch 
druraa tending to increase the teiision in the \?ire rope 
quantities. 

Thus : • 

represents the velocity of the cargo 
towai'd point A, the delivering ship® 

ii -b represents the velocity of the cargo 
tov/ard point B, the receiving ship® 

If X ^ s 0 or if ^ ^ f "0 and tension T is 
maintained constant, equation (6) can be reduced to: 



2^^. K 0 (11} 

The conditions established by equation (11 ) 
represent pure transfer of a vreightless load from A to 
B or B to A V7ithout tension change® 

Thus to transfer the cargo load the V7inch drums 
are rotated in the same directions, both clockwise or 
both count err clockwise, as depicted in figure 7« 



Up to this point the cargo has been ideally con- 
sidered V78ightless® Now consider that the cargo 
realistically has v/eight® It is apparent that tension 
T now serves the useful purpose of suspending the 
cargo in space® V/ith this the practical limitations 
of tension T evolve, thus: 

Tension T must be of a sufficient quantity to 
safely suspend the cargo load c3,.ear of the ship structure 
and clear of the sea during the ti’ansfer of a cargo load 
from ship to ship but the tension T must also be kept 
sufficiently lov7 so that no hazard of parting (tensile 
failure) of the V7ire rope exists® 

Figure 6 is a free body diagram illustrating hov; 
the cargo load is suspended by tension® 
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( 12 ) 



From figure 6: 

\A/ - ~T Sr^t.Cy| -h Djj 

\^CcS 0/^ — } i^ CrS 

where : 



V/ ” Load weight, lbs* 

Ta " Tension, wire rope .segment a* 

T^j - Tension, wire rope segment b. 

0;^ n Angle of v/lre rope segment a from 

horisontal* 



0g - Angle of vdre rope segment b from 
horizontal* 



(13) 



Note that the tension T,^ docs not normally equal 
the tension T^^* By limiting the weight carried, the re- 
quired valuer of Ta and Tj^ are nearly equal* Expressed 
mathematically ; 








(U) 



V/here T s the desired mean value of tension* 



Considering cargo weight, figure 7 is redravm; 
see figure 9» 

Ihc most desirable manner of controlling the 
movement of the cargo load is that this movemont be 
controlled v;ith reference to the delivering ship, point 
A, while the cargo load is in the vicinity of the 
delivering ship and viith reference to the receiving ship, 
point B, v/hile the cargo load is in the vicinity of the 
receiving ship. During the portion of the cargo transit, 
in which the cargo load is sufficiently clear of both 
ships it is immaterial v/hether the cargo movement is con- 
trolled relative to the delivering ship or relative to the 
receiving ship. 
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Contr ol of car/?;o moyome nt dclivorinp; 

ship ( p pin t TT jj The v;inch driun aboard the delivering ship, 
at point A,"*~is rotated corresponding to the speed at v;hich 
it is desired to move the cargo relative to A; the winch 
drum aboard the receiving ship, at point^B, is rotated as 

constant o 



necessary to maintain constant tension, T, 



b 



Control 
ship (poi nt 1^7 



B, 



de« 



o f cargo move me nt r elative to th e receiving 
’ The winch drum "aboard the receiving shTip, 

at 

B; the 
A, is 



rotated coi’responding to the speed 
oired to move the cargo relative to 



at point 
v;hich it is 

v/inch drum aboard the delivering ship, at point xi, 
rotated as necessary to maintain constant tension, 
Tq V constant® 



In figure 10 the arrangement shown in figure 9 has ‘ 
been modified principally by moving the winch drum v/nich 
vias shown ciboard the receiving ship, figure 9, to the 
delivering ship as shovme At B is placed a sheave (roller 
or pullej'-Jc Tiie v;ire rope segment extending fr om the 
cargo tov/ard the receiving ship is led througli a ICO*^ 
bend about the sheave at the receiving ship and returns to 
the cargo v;hcre it passes under a sheave located above 
the cargo load and the attachment points of the v/iro rope 
segments to the load supporting trolley. From the trolley 
this V7ire rope segment continues over a fairlead sheave 
to the second v/inch drum nov/ located aboard the delivering 
ship. An additional fairlead sheave has also been placed 
aboard the ‘delivering ship to support the vrire rope 
segraemt from the v;inch drum v/hich v/as initially aboard 
the delivering ship to the cargo trolley. Point A is 
nov7 defined as the location of the fairlead sheaves 
aboard the delivering ship and essentially is the point 
aboai’d the delivering ship from which the cargo transfer 
rig, extending toward the receiving ship, is suspeiided. 

For convention, the v/ire rope quantity wound 
about v/inch drum (1), led over the lower fairlead sheave 
at point A and attached to the trolley on the left side 
as depicted in figure 10 is called the B'lBOARD V/HIP, (the 
inboard v/hip is also indicated by tension designation 
in figure 10), The v/ire rope quantity v/ound about v/inen 
drum (2) led over the upper fairlead sheave, under the 
trolley sheave, about the housefall sheave at point B and 
back to the trolley where it is attached to the right side 
of the trolley as depicted in figure 10 is called the 
TRANSFER V/HIP, (the transfer v/hip is indicated by tension 
designation T^ in figure 10), 
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The rep.lenishment-at«cea rig .sho\m in figure 10 
v/ith the use of tensioning control is called the 
TENSIOIffiD MODIFIED KOUSBJ’ALL rigo 

From a control and operational vie^.vpoint the 
Tensioned Modified Housefall rig has tv:o major advantages 
has comi^ared to the replenishm.ont«at«sea rig shovm 
in figure 9 (Tensioned Burtoning)*, 

le. V/ith both v/inch drums aboard the delivering 
ship, simultaneous control and drive of these tv;o v;inch 
drums are greatly facilitated as compared to the ari'angc- 
ment depicted in figure 9 where one v;inch drum is located 
on each shipo 

2c VJith.both vjinch drums aboai'd the delivering ship 
the requirement to place a v;inch drum aboard the receiving 
ship is eliminatedc Tiierefore a great economy results 
relative to the incorporation of the Tensioned Modified 
Housefall replenishment~at«sea methods Only the 
delivering ships, vath a primary mission of replenishment*- 
at-sea, require extensive installations* Thus any ship 
is a potential ’'x'ceeiving ship*’^ (The designation 
"receiving ship" specifies the noraial role of the ship 
not configured to be the "delivering ship", cargo flov/ can 
be in either directiono) 

The matter of placing the cargo upon the trolley 
at the delivering ship and removing the cargo from the 
trolley at .the receiving ship is dependent upon other 
machinei'yc At this point, accept the fact that it is 
possible to load or unload cax'go to or from the trolley 
at cither ship* 

Equations previously derived are modified as 
necessary and rev/ritten belov/« As before, it is con- 
venient to start V7ith a v;eightless cargo load« 

For VJ a 0, Tq ~ - Tk = constant. The value of 

tension Tq described here and aepicted in figure 11 corres- 
ponds to half the previous value represented in figures S 
and 9 as twice as many parts of wire rope nov/ extend 
betv/een the tvro ships and suspend the cargo load* 

With T^ s T^ s « Constant, v/ith V/ s 0 

KT-- X + /-1 2, (o 2.T-0) <7) & (g) 

is positive if vrinch drum (l) rotates counterclock- 
Y7ise as depicted in figure 11. 
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is positive if winch drum (2) rotates 
countercloclrwise as depicted in figure 11, 

liith point A as the reference point relative 
to the quantities of v/ire rope used in the rig: 




B. ^ ^ ^ 

a 




(9) 


a ^ 2b 




(15) 


Hence: 

b u “ ^^b 




(16) 


Differentiating with 


respect to time: 




• ) t * 

a ^ 




(17) 


o e 

b “ ^ ~ u 

2 




(16) 



Where: 

« 

a s the velocity of the trolley av;ay from 
point A, the delivering ship© 

b s tyie velocity of the trolley avray from 
point B, the receiving ship<, 

As before, if x - y ~ 0 or if x •> y r 0, 

V/ “ 0 and Tq is held constant; 

Za ^b " 0 (11) 

Again: The conditions established by equation (11) 

represent pure transfer of a v/eightless load from A to B 
or B to A v/ithout tension change^ 

To transfer the cargo load the winch drums are 
rotated in opposite directions at the same speed with 
reference to figure 11, 

PHASED TO : 

For convenience the term ^phased to” is introduced 
as related to the Tensioned Modified Housefall method of 
replenishment-at-sea. 
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P hased to th e Delivo;.^inF, >Sh :i.p : Trolley 

trajisfer^is controlled rei.-atlve to the delivering 
ship*. Tlic velocity d is controllcdc Tension cor- 
rections are made in such a mannor so as not to 
affect 



P hased to the Rece iv ing Sh ip : Trol].ey 

transfer is contix)lled relative to the receiving 
shipo The velocity 1 j is controlled* Tension 
corrections are niade in such a mnner so as not 
to affect 

Figure 11 illustrates tensioning control 
phased to the delivering shin with zero trolley transfer 
speed, " 0, is figure 11(a) the arrangement is illus~ 
t rated v;ith a separation :: Mq« In figure 11(b) the 
separation has increased by to 

Since the separation change affects tvfo 
parts of v;ire rope the correction required is 2^M«, 

In figure lib note that a cori-ection has been applied 
V7ith the transfer v/hip, vrinch drum (2)* Mathemt ically 
the separation, variation and tension correction could 
be represented: 

— ±2 AM 

II 1 1 

x,+ y, 

I 



Note that the quantity ) is not 

altered from equation Cl9a) to (19b) v/hich 
indicates no change in the position of the trolley as 
related to point A, the delivering ship* 

Figure 11 also illustrates tensioning control phased 
to the receiving ship v/ith zero trolley transfer speed, 
b « d. In figure 11(a) the arrangement is illustrated v/ith 
a separation Mq, In figure 11(c) the separation has 
increased by -A. M to 



par revb 
Yc[r Tu "t ‘ ^ 



(19a) 

< T 3 rc 

Oot'r'S c L ro^ 



(19b) 
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In figure 11(c) note that the correction 2AM 
is applied by both the Inboard VJhip and the Transfer VJhip, winch 
drums (1) and (2)j, an increinent /AM eacho Mathematical3,y 
the separation variation and tension correction could be 
represented : 



K' 



a- 



S C pa ra t * 

Vt'i/ rci ’ 
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A/H 

II 
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^-1 
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i_ a S> c' ^x. 

C or r t' c ^ 'I 



(19a) 



(19c) 



In vjhich; 



‘“ai “ ^ao 

‘'bi ” 2bo ^AM 



Substituting in equation (16): 

• b. ^ A.. - lb- 






' z ^ 






z 



A 






- ="bo 

thus the relationship — — (” b) is preserved 

from equation (19a) to (19c) which indicates no change in 
the position of the trolley as related to point B, the 
receiving ship«, 
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The examples of tensioning control v;ith 
phasing cited above concern ideal conditions where the 
trollev speed (a or 6 « 0) is zero and the cargo v/eight 
(W s Oj is also zero. These conditions are only for 
illustrative convenience. The trolley speed (a or b*) need 
not be zero. Ti'olley movement may be zero speed (stopped), 
a constant speed, a constant acceleration or any convenient 
function of time. The cargo may have vreight. It is still 
possible to control the trolley movement related to A or 
B, (i.e.: phased to the doT.ivering ship or phased to the 

receiving ship) without tensioiiing variation or correction 
affecting this relationship. 
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APPENDIX B 



V/ITH 



TENSION VARIATION Ai® CORRECTION 
PPIASING;: TENSIOI'IED MODIFIED HOUSEFALL 



(Appendix A of SIXTH REPORT, 
ULTIMATE TRANSFER RIG , . . March 
1963 by author) 




* 






APPENDIX A'3 

% 

TENSION VARIATION AND CORRECTION WITH PHASING; TENSIONED 

MODIFIED HOUSE FALL 



For illustrative purposes, the trolley is a.t a fixed location as related 
to the transfer operation, the trolley is located at some point along its 
movement between the replenishing ships and no control evolution is 
taking pla,ce to move the trolley from one ship to the other. This discussion 
concerns tension changes away from the desired value of tension, the subse«» 
quent action to regain the desired value of tension, and the effects of tension 
discrepancy and correction to the distance of the trolley along the wire to 
either of the replenishing ships. 

The first portion of this discussion concerns the effect of tension 
discrepancy upon the distance of the trolley along the wire to either of the 
replenishing ships. The second and third portions concern the effect of 
tension correction upon the distance of the trolley to either of the replenish- 
ing ships dependent upon phasing. The second portion concerns tension 
correction phased to the Delivering Ship, The third portion concerns tension 
correction phased to the Receiving Ship. The basic rig with terminology for 
this discussion is illustrated in figure A-1. 

A-1 Tension Discrepancy . 

As transfer control operation is not included in this discussion, the only 
item affecting rig tension is variation of the distance between the suspension 
points of the rig. If'S*^ varies and no wire is added to or taken from the rig 
the trolley does not move along the wire toward either replenishing ship. 

The trolley is fixed at distance'' Ci./ from the upper tangent of the Inboard 
Whip fairlead sheave as the length of the Inboard Whip is maintained constant. 
The Transfer Whip within the rig is equal to a distance" ^ The 
Transfer Whip is held taut by tension and confined in its length from the 
Receiving Ship to the trolley, by the structure of the trolley, parallel 
to the Inboard Whip, As the trolley confines the upper part of the Transfer 
Whip to the Receiving Ship and the bitter end of the Transfer V/hip is attached 
to the trolley, tension divides this bight of the Transfer Whip to two equiva- 
lent parts each equal to' b . The distcUice from the trolley to the replenish- 
ing ships measured along the wire ^ of and '' , does not alter as tension 
varies. 

With a change in tension the trolley moves in am arc of radius 
centered at the upper tangent of the Inboard Whip fairlead sheave aboard 
the Delivering Ship and the trolley also moves in an arc of radius " b ^ 









i 



I 





CX = Z^£T/L/i/i£r^/A/<s ’Tkoi^i,^)< 

Ai^a/^G' V// 7 ^a- 

h ~ ZD/^7^>^/vcr^/ T^e:c£: fv'/rwc^ >5^/^ -rc>*T^oi~i^^y^ 

Ai^c>^(^ W/I^I^ 

5 “ 7>^ y\C^‘ X)bl^ / i/iE ;(? w <S TIP ^£JC£:f i/^//v<3 

^/<5 v 5 c/j-;r^^/v^/ 0/V' Ph/^ 7 -^ 

^ /t>/cQJEA/}^Ajr cp>=" W^>eie /^>e 2/a TXij^t- A/^<z£:S5^^y' 
TO Co^^£Cr- ^/<^ Te/J^/Or^j TO Z)^3/^i5X> 











APPROVED DATE 

OCSJGN SUPT. 


SAN FRANCISCO NAVAL SHIPYARD 

SAN FRANCISCO 24, CALIFORNIA 


OfEiOAL 


SJG MATURE 




HO. ENGR. 




h/Guesr A-! 7£N^/or^£j:> MoD/n^c. 




la. SU*. 




/ y.>^ ^ ^ ^ » » 7*^ M ^ 


REV. 








SEC. SUP. 




l^JSM/r^oi-ocy' 


0ESCR1PTJCV4 


DATE 


Afro 


REVIEWED 




•£V>SK>N$ 


drawn 


\m7]^ . 


REPLENISHMENT-AT-SEA 
CONTRACT GUIDANCE DRAWING 




•UREAU OF SHIPS NO. 


■ £V 


SCALE SHEET Of 








S-J? 



? 





centered at the pin of the housefall block aboard the Receiving Sliip, These 
are relative conditions. To visualize the relative situation it is convenient 
to confine the trolley to a stationary point thus as tension cliaiiges the upper 
tangent of the fair lead slieave aboard the Delivering Ship moves along an 
arc of radius 0^ centered at die Inboard Whip bitter end attached to the 
trolley and the pin of the housefall block aboard the Receiving Ship moves 
along an arc of radius'' centered at the approximate center point of the 
trolley structure between the whips. Figure A~2 illustrates the rotation 
of the rig suspension points about the trolley. 

To summarize, the significant item is that tension variations from the 
desired value of tension do not move the trolley along the wire toward either 
replenishing ship. So long as sufficient tension is maintained to adequately 
suspend tlie cargo load clear of replenishing ship structure and clear of the 
sea, there is no hazard of collision to the cargo due to separation variation. 



A-2 Tension Correction, Phased to Delivering Ship. 



Figure A-3 is an exaggerated representation of the effect of tension 
variations upon trolley location as related to the Delivering Shij). Trolley 
location '*A’* is the location of the trolley when tension is at the desired valve. 
Trolley location is a trolley location with tension increased beyond the 

desired value and trolley location '*C" is a trolley location with tension 
diminished below the desired value. 



// 

To correct to the desired value of tension an increment must 

be added or taken from each part of the rig. V/ith tensioning control phased 
to the Delivering Ship a length of wire equal to 2Ax is added to or taken 
from the Transfer Whip while no change is made in the Inboard Whip. Thus 

V // 

the distance , Delivering Ship to trolley^ is not affected by the tension 
correction as the length of the Inboard V/hip is unchanged. The length of 
the Transfer V/hip between the Delivering Ship and the trolley, parallel to 
the Inboard Whip remains the same. The length of wire added to or taken 
from tlie rig affects the portion of the rig between the trolley and the 
Receiving Ship. This length is halved by the housefall block as the Transfer 
Whip is in two parts between tlie trolley and the Receiving Ship. 



Location represents the condition where ship separation ^ has 
increased theibby increasing tension. The trolley moves up along the arc 
at radius OJ' centered at the upper tangent of the Jnboard Whip fair lead 
sheave aboard the Delivering Ship. A length is added to the Transfer 
Whip, the desired rig tension is restored and the trolley is returned to 
location **A” without the distance" being altered. 



has 



Location "C” represents the condition where ship separation 
decreased thereby decreasing tension. The trolley moves down along the 
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arc at radius centered at the upper tangent of the Inboard Whip fairi.ead 
sheave aboard the Delivering Ship. A length is taken from the Transfe 

Vfhip, the desired rig tension is restored and the trolley is returned to loca- 
tion "A” without the distance *'o- being altered. 



JTigure A-4 illustrates the effects of tension corrections to the lengths 
of and * b \vhen phased to the Delivering Ship, 

A“3 Tension Correction, Phased to Receiving Ship, 



Figure A-5 is an exaggerated representation of the effect of tension 
variations upointr olley location as related to the Receiving Ship. Trolley 
location "A” is the location of the trolley when tension is at the desired 
value. Trolley location "B” is a trolley location with tension increased 
beyond the desired value, and trolley location "C" is a trolley location v/ith 
tension diminished below the desired valvte. 



To Correct to the desired valu e of tension an increment must be 

added or taken from each part of the rig. With tensioning control phased to 
the Receiving Ship a length of wire equal to is added to or taken from 

both the Transfer V/hip and the Inboard Vfhip. A total wire length is 

added to or taken from the rig: for each whip. The Transfer Whip 

between the Delivering Ship and the trolley is altered by the increment 
and similarly the Inboard V/hip between the Delivering Ship and the trolley 
is altered by the increment . Thus the portion of the Transfer V/hip 

extending from the Delivering Ship to the trolley is maintained equal to the 
Inboard Whip, This portion of the Transfer V/hip is maintained parallel to 
the I nboard V/hip by the trolley structure. The trolley sheave roller and 
the housefall sheave do not rotate about their ov/n axes. The Transfer Whip 
bight extending from the trolley to the housefall block at the Receiving Ship 
and back to the trolley, where its bitter end is attached, is not altered. Thu 

V> L V ■' 

the distance t? , Receiving Ship to trolley, is not affected by the tension 
correction. The lengths of wire added to or taken from the rig affect the 
portion of the rig between the trolley and the Delivering Ship. 






Location "B" represents the condition where ship separation o has 
increased thereby increasing tension. The trolley moves up along the arc 
at radius" i? centered^at the pin of the housefedl block aboard the Receivir^ 
Ship, Two lengths are added: to the Transfer Whip and "Ax 

to the Inboard V/hip, The desired rig tension is re^stored and the trolley 
is returned to location "A” without the distance" 1> being altered. 



Location "C" represents the condition where ship separation 




has 









i 

I 



I 



■ f, 












DATE 
OeS»«N SUPT. 






SAN FRANCISCO NAVAL SHIPYARD 

SAN FRANCISCO 24, CALIFORNIA 



fTauee- A-4- to 

Zjy£L/^<£:T>//VG 
£irs/T/JS>£r JP/G 



REPLENISHMENT-AT-SEA 
CONTRACT GUIDANCE DRAV/ING 



cr 



tUREAU Of SHIPS >00. 






-S-;^ 



I 








- 






A«*aOVH) DATi 

J-29-t3 

OSiON $U91, 


SAN FRANCISCO NAVAL SHIPYARD 

SAN FRANCISCO }•*. CALIFORNIA 


OfRClAL 


SIGNATURE 




HO. E^^e(L 




h/aUREr HN. 


TO 


la. su?« 




IT 


HEV. 








S£<X SUP. 






DESC»ir»ON 


DAH 


A^fT) 


»EVI£WID 




tEVISIONS 


CHLAWN 




REPLENISHMENT-AT-SEA 
CONTRACT GUIDANCE DRAWING 




iLfliSAU Of sh;?s no. 


lEV. 








SCAIf 


SHETT Of 









decreased tliereby decreas5.ng tension. The t.voUey moves dov/n a3.ong 
tlie arc at radius'* centered at the pin of the liousefall block aboard 
the Receiving Ship. Two lengths'’/^;^^ are taken from the rig: 
from the Transfer V/hip and from the Inboard V/hip. The desired 

rig tension is restored a^^d the trolley is returned to location without 

the distance D being altered. 

Figure A**6 illustrates the effects of tension corrections to the lengths 
' b when leased to the Receiving Ship. 
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C-1 Objectives. 



Section 4 of reference ( h) contains a development program for 
the Ultimate Transfer Rig. Model Mark II corresponds to ’’Model 
2”, sub-section 4. 212. The purposes cited in this past report are 
basically the same at this dcite. With only slight modification and 
augmentation, they are: 

C-11 To progress further toward the development of the 
Ultimate Transfer Rig by providing additional familarization with 
the requirements to be encountered in the design and development 
of sizeable operational installations at a larger scale than previous 
models permitted. 

C-12 To further demonstrate the Ultimate Transfer Rig. 

C-13 To meetor approach the following potential operational 
capabilities^ 

C-131 Installation aboard Service and Combatant Ships as 
an improved underway replenishment method replacing the conven- 
tional Wire and Manila Highline. 

C-132 Improved method of rigging and unrigging for the 
Tensioned Highline method of underway replenishment pending the 
installation of the large size Tensioned Modified Housefall as the 
Ultimate Transfer Rig, 

C-133 Tensioned Outhaul /Inhaul system for the Tensioned 
Highline method of underway replenishment pending the installation 
of the large size Tensioned Modified Housefall as the Ultimate 
Transfer Rig. 

C-134 Improved method of rigging and un- rigging for 
underway fueling including probe engaging and dis - engaging. 

C-135 Improved method of underway fueling hose suspension 
replacing the Spanwire and Close-in rigs for fueling at sea. 

C-136 After extensive testing and proven capability and 
reliability: Improved method of transferring personnel at sea. 

C-14 To provide an installation for test and evaluation toward 
operational accepta.nce of the Ultimate Transfer Rig. 

C-2 Initial Concept. 

Section 2 of reference (d) establishes the initial potential 
advance of Model Mark II. This basically is the elimination of 
’’the mechanical transmission components between the electric 
prime movers and the v/inch drums”. 
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C “ 3 Major Components, 



C-31 Hydraulic Components. Four Vickers PVB 10 variable 
axial piston pumps will be utilized in the drive transmission, two 
each for tensioning and transfer flow generation. Two Washington 
Scientific Industries, Incorporated Series 900 fixed rotary vane 
motors will be utilized, also, in the drive transmission, one 
directly driving each winch drum. The ratings of these components 
are: 



Vickers PVB-10 Variable Pump 



Theoretical Displacement 
Flow - -- -- -- -- -- 

Operating Pressure - - - 
Rated Operating Pressure 
Operating Speed ------ 

Rated Operating Speed - - 
Weight (dry) ------- 

WSI Series 900 Motor 



1.29 cu in/ rev 

To 20 gpm; 10 gpm at 

rated speed 

To 1500 psi 

1000 psi 

To 3600 rpm 

1800 rpm 

Approx. 29 pounds 



Maximum Speed - -- -- -- -- -- - 1000 rpm 
Maximum Pressure - -- -- -- -- - 2000 psi 
Theoretical Volume - -- -- -- -- - 25. 4 cu in/rev 

110 gpm at Max rpm 

Theoretical Torque - -- -- -- -- - 404. 3 in lbs at 100 psi 

8086 in lbs at max pres 
.. 673 . 8 ft lbs at max pres 

Horsepower - -- -- -- -- -- -- - 128. 3 at max rpm and 

max pres 



A Vickers PVB 5 pressure compensated variable axial piston 
pump will be utilized as a servo control source for both the tension- 
ing and transfer drive flow generating sub-systems. The ratings of 
this pump are: 



Theoretical Maximum Displacement 
Flow - -- -- -- -- -- -- -- - 

Operating Pressure - -- -- -- -- 
Rated Operating Pressure - - - - - 
Pressure Compensated Range - - - 
Operating Speed - -- -- -- -- -- 
Rated Operating Speed -------- 



* 663 cu in/rev 
To 10 gpm (5 gpm at 
rated speed) 

To 3000 psi 
1500 psi 
250 to 3000 psi 
To 3600 rpm 
1800 rpm 
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A Vickers VV3-5C-10 pressure compensated variable vane 
pump will be utilized as a replenishing source for the drive 
transmission. The ratings of this pump are: 



Maximum Operating Pressure ----- 1000 psi 
Pressure Compensated Range ----- 200 to 1000 psi 
Maximum Recommended Drive 

Speed (Approx. - 1800 rpm 

Minimum Recommended Drive Speed - 600 rpm 
Maximum Pump Delivery - -- -- -- 5 gpm 



C-32 Electric Components . A 15 HP double ended motor will 
be utilized to directly drive the variable pumps generating tensioning 
drive flow. The name plate data for this motor is: 

Marathon* Electric Manufacturing Corporation 

Model No. 284U-TFS-330-BB 

Type TFS Frame 284U HP 15 RPM 1760 

Cyc 60 PH 3 Volts 208-220/440 WDG H-28441B-3 

Duty Cont. Rise 55^C End TEFC Brg Ball; Double Shaft 

Two 5 HP double ended motors will also be utilized. One to 
drive the variable pumps generating transfer drive flow; the other 
to drive the servo control and the replenishing pumps. The name 
plate data for these motors is: 

Marathon Electric Manufacturing Corporation 
Model No. 215-TFR-3PBB 
Type TFS Frame 215 HP 5 RPM 1740 
Cyc 60 PH 3 Volts 208-220/440 

Duty Cont. Rise 55^C End T EFC Brg Ball; Double Shaft 

C-4 Anticipated Capabilities and Design Evolution. 

C-41 Wire . Initial operating capabilities and design evolutions 
are formulated upon the use of 1/8 inch 7 x 19 Strand Core CRES wire 
rope. The use of 1/8 inch wire rope provides the maximum available 
theoretical capabilities commensurate with the utilization of readily 
available facilities and rigging fixtures. With the use of this limited 
size wire a more flexible rig is established, higher whip speeds are 
available, and a lower hydraulic line pressure may be utilized than 
if wire size were increased. It is intended that the design of the 
winch assembly will permit the exchange of winch drums for a larger 
wire size if later desired. 

C-42 Safety Factor. Relief valve operation is based upon a 5: 1 
safety factor relative to the ultimate tensile strength of 1/8 inch 
7x19 Strand Core CRES wire rope. 
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( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 

( 8 ) 
(9) 

(10) 



Ultimate Breaking Strength 

1/8 inch 7 X 19 Strand Core CRES v/ire rope 1760 lbs 
Relieving Tension per rig part 

(1) 352 lbs 

safety factor 5 

Relieving Tension total - 2 (parts)(2) - 704 lbs 

Assume nominal operating tension, total - 660 lbs 

Nominal operating tension per rig part - (4) 330 lbs 

2 



Nominal operating pressure across hydraulic 

motor corresponding to (5) - 800 psi 

Torque, each motor, at 800 psi - (6)(404. 3 in lb/100 psi 

100 psi 



8 (404. 3 in lb) 

Mean working wire layer radius ~ (7) 

. 

Wire per coil at mean working Vv'ire layer 
radius - 2xx(8) 



3234. 4 in lbs 
9. 80 in 



6 1 . 6 1 in/rev 
MF or 5. 134 
ft/rev MF 



Variable pump revolutions at full displace- 
ment required to drive fixed motor one 
revolution - 



Motor displacement, cu in 



(Pump displacement, cu in)(pump volumetric efficiency) x 
(Motor volumetric efficiency) 

25.4 - 21. 15 revs PV / 

(1.^9){TTB^‘0(- 9^*) rev MF 

* Interpolated effeciencies from manufacturers* data. 

(11) Fixed motor speed corresponding to full flow from 

one variable pump - electric motor speed, rpm - 

_ 

1760 

21.15 - 83. 2 1 rpm 

(12) Whip speed corresponding to full flow from 
one variable pump - (9)(11) - (5. 134 ft/rev) ^ 

(83.21 rpm) - 427. 20fpm 

(13) Maximum fixed motor speed to be encountered 
due to variable pump generated hydraulic flow: 

Condition : Transfer Whip only, phased to Deliver- 
ing Ship, transfer at maximum speed driving in 
the same direction as the simultaneous maximum 
tensioning flow. Three variable pumps at max- 
imum output are driving one fixed motor. 

3(11) - 3(83.21 rpm) - 249.63 rpm 
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(14) Transfer wliip speed corresponding to (13). 
3(12)- 3(427. 20 fpm) - 



1281. 60 fpm 



(15) Maximum tensioning drive power input - 

Pres X Flow, cu in /min 

"efficiency, pump x efficiency, motor x 396, 000 
( 1000 psi"'"^>-)(2 pumps)(l. 29 cu in/rev per pump)(1760 rpm)^ >" 
(. 85''')(. 88^>')(396, 000) 15; 32 HP 



(16) Maximum transfer drive power input - Condition: Transfer 
drive system is operating at maximum speed, one variable 
pump, (paying in) is working against a pressure of 1000 psi, 
and that rig loading overhauls the paying out winch drum. 



(1000 psi)(l. 29 cu in/rev)(1760 rpm) 
(. 85)(. 88H3^, 000) 



(tension /part, lbs)(whip spd, fpm)(effic. motor)(effic. pump) 

33000 ft lbs /min per HP 

7 66 (330 lbs)(427. 20 fpm)(. 88)(. 85) 

ft lbs /min per HP 

7.66-- 3. 20 4. 46 HP 



(17) Relief valve setting - (2)(6) / Replen pressure 

(5) 

(352 lbs)(800 psi)-f (200 psi) ^ 1053. 3 psi 

(330 lbs) 

(18) Winch drums are based upon capability of operating with a 
separation of 200 feet. To insure availability of wire with 
load catenary, winch drum capacity is based upon a separation 
of 250 feet. A separation of 100 feet will be assumed to be 

*the normal operating separation for determining the design 
mean wire layer radius, (9. 80 inches (8) above) to be utilized 
upon both winch drums with the trolley at the Receiving Ship. 
With the trolley at the Delivering Ship, the Transfer Whip 
must extend twice the capacity separation of 250 feet. To 
accomodate this requirement the Transfer Whip winch drum 
must have a minimum capacity of 500 feet. 

As the Inboard Whip extends across the ship separation a 
maximum of one part only, when the trolley is at the 
Receiving Ship, the Inboard Whip winch drum must have a 
minimum capacity of 250 feet. 

* Interpolated efficiencies from manufacturers' data. 

800 psi operating pressure plus 200 psi replenishing pressure. 
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Considering the above, wincli drum wire loadings under 
several conditions are: 



Wire upon winch drums 



C ondition: 


T ransfer Whip 


Inboard Whip 


A, 


Stowed aboard Delivering Ship 


500 ft 


250ft 


B. 


Rigged, 250 ft separation: 








trolley at Delivering Ship 


0 


250 ft 


C. 


Rigged, 250 ft separation: 








trolley at Receiving Ship 


250 ft 


0 


D. 


Rigged, 100 ft separation: 








trolley at Receiving Ship 


400 ft 


150 ft 


It 


is desired that the Transfer Whip 


and Inboard Wh 


ip winch drums 



have 400 ft and 150 ft (condition D) upon them with operating wire layer 
radii of 9. 80 inches (8) above. 

Through use of the formula (reference (f)): 

L2z(A-B)xAxCxF 
L = capacity of drum in feet 
A — Depth of wire spooled on drum 
B = Barrel diameter 
C = Drum width 
D ~ Wire diameter 

F - Spooling factor ^ . 262 (controlled winding) 

D^ 

with the stipulations specified above, the following winch drum dim- 
ensions are desired: 

* Transfer Whip Inboard Whip 

B: 1 8. 73~ incKes ( 18-3 /4 inches) 1 9. 23 inches (19-1/4 inches) 
C:3 inches 3 inches 
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Further use of the above formula provides the following table 
of winch drum capacities by layers: 

Com- 



plcte 


T ransfer 


Whip 




Inboard V/hip 




wire 




pitch 


feet/ 




pitch 


feet / 


layers 


feet 


dia, in 


c oil 


feet 


dia, in 


coil 


1 


118. 54 


18. 85 


4. 94 


121. 69 


19. 35 


5. 07 


2 


238. 65 


19. 10 


5. 00 


244. 94 


19. 60 


5. 13 


3 


360. 34 


19. 35 


5. 07 


369. 77 


19. 85 


5. 20 


4 


483. 60 


19. 60 


5. 13 


496. 17 


20. 10 


5. 26 


5 


'"'608. 4 3 


19. 85 


5. 20 


624. 15 


20. 35 


5. 33 


6 


734. 83 


20. 10 


5. 26 


753. 69 


20. 60 


5. 40 


7 




20. 35 


5. 33 




20. 85 


5. 46 



Ideally the Transfer Whip winch drum should be loaded with two 
more layers than the Inboard Whip winch drum when the trolley is at 
the Receiving Ship; or when the rig is stowed with the trolley at the 
Delivering Ship and at zero separation. 

With the rig stowed aboard the Delivering Ship^trolley at the 
Delivering Ship, zero separation with fairleads rigged an ideal 
condition would be to have four complete layers of wire plus eight 
coils stowed upon the Transfer Whip winch drum and two complete 
layers plus eight coils stowed upon the Inboard Whip winch drum. 

With a separation of from 41. 60 feet (8 coils x 5. 20 ft/coil) to l64. 85 
feet (41. 60 plus the applicable layer of either winch drum) both winch 
drums will be operating at the design mean layer radius (9. 80in. ) 
when the trolley is at the Receiving Ship. 



The winch drums are to have an overall diameter of 21-1/2 
inches. For maintenance purposes, the trolley can be removed 
from the rig, the whip bitter ends temporarily connected together, 
and the entire length of wire required can be stowed upon either of 
the winch drums with ample flange clearance. 



Figures C-1 through C-4 illustrate currently contemplated 
arrangements and components of the Tensioned Modified Housefall 
Model Mark II. 
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APPJS 1 ®IX D 



TOTAL LOAD CONTROL SYSTEM 



(EIGHTH REPORT, TOTAL 
LOAD CONTROL » « prepared December 

1963 by author)© 
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SKILLIMGER TOTAL LOAD CONTROL S'l STEM 



EIGHTH AND FD'IAL REPORT 
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ABSTF^ACT 



This report has been prepa’red to comply v\dth San Francisco 
Naval Shipyard contract SFNS-32SO-M34"?l"X ^ Basically this contract 
requires a dravang presenting the Electrical Schematic Wiring Diagram 
of the Shillinger Tensioned Modified FFousefall Model Mark II along 
with a detailed word description of the principles and methods of 
operation of this model. 

The main drawing presenting the Electrical Schematic Wiring 
Diagram is figure 2 of this report. The other drawings combine 
orientation, electrical, hydraulic and mechanical control features 
of this model. These additional drav/ings are essential for an 
explanation of the operation of this modolo 

This report supplements Ap|)endix C of reference (a) Mhlch 
contains the initial description of the contemplated Mark II model. 

Section 7 of tliis repoi't summarises the status of this 
project at this time. 



No attempt is made in this repor 
which, in essence, is the prime justific 
its capability of transferrinp^ delicate 
and expediency, from ship to ship at sea 
Appendix A of reference (b) exT.lains thi 



t io describe "pWiisivig'' 
alien for thi.s project ’vith 
cax-go, with rig simplicity 
un d e r a d v e r s (3 c o nd. i t i. o n s . 
s quality. 
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Accurnulator 

Brake 

Control Actuator 
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Check Valve 
Differential Actuator 
Delivering Ship 

Double Solenoid 3-^-poaition Valve; Spiang Loaded 

• to center position. 

Ele c t ri c Motor 
Filter 
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Hydraulic Pilot Operated 2-way Valvo 
Hydraulic Pilot Operated 3-way Valve 
Hydraulic Motor' j Fixed Displacement 
Manual Tensioning Control Lever 
Manual Transfer' Control Lever 
Manually Operated /j-v/ay Valvo 
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Norraally Open 
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Single Solenoid 4'-way Valve 
Synchro Ti’ansmitter 



^-vi 









J .1- ( F;I F. 1) 



The Tens.i onad .M'l'l.l f;>. vd ‘ou^. c-'ia] .'.I d .■ 'n XX .n •■:ch 
has t.v /0 v.dnch u <iua‘. r Trajj, ;rer './hip . i; j Jr;;. oar'd ’/Irlj.', F. 
the.-.'o wijich druiris is urly^tn d.lt oct.'! y by a. f.i o-.v./ dlsplaco 
speed high torque Irydro.u'l.ic rr;oto:'^ (.•■';)'■ .1 -ivt/J MF2}; HFJ dri 
Transfer V/h.i.p V/inch D>. nnr, HF2 d.rivee t he Inboard Whi p tii 
Hydravilic flovrs to and froii! .MM ai;d MfM .'-.ro throu'Mi the 
v/hich combines d..'l 7 o hydraulic f I covk for tfr3';s I oning vrith 
trans-fer. 
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The main wani fo.ld also prcr-rldes i\<r tl:e counting of 21 va1oc:: ° 

2 Phase bill ft Valves (FHVl and. }M-!V2] 

4 Relief Ya.lvcs (RV] through 4) 

4 Check Veive.s (CVl throug,h 4) 

1 Manua'Jly Operated A -7/ay Valve (M4V1 ) 

At the Main Man1,.folr!j bosses are provided .for the 1'ol'J ov/lnr ’Oeo' ' 

Tension sensiiig {.from Pay-in Fres:.-iu-e -side oi'' ]W]rx t.o 7i.':.e- 
raatic Tensioning Control Systori), 

Bleed .Ing 

Pressure Gage Connoctio]'B 
Pressure Tinnsdrcor Cor.ne c tiers 



3 ^ T^-j. s i q n i ngy ,F 1.0^ iflG 

The Tenslonirig RL.'".; Generator oo.nr.ir t". of an elacix'I-; 

(EMI) and tv/o hydraulic variable p'ta’.ps pi '71 and PV2)c The tv.-o i'-'’.is 
are driven at exactly the same epoed -'s ths^/ are courAed directly 
to a comuion shaft. The st' ;:'kin.r. mech.-- ttr-v;. for t’icne pwir ; 
also mechanically ativachc'd and .sy.r.ch.roni '^ed sncri. thet- tlie fl.- 3 v. ^ roi.;. 

PVl is always theoretically equal to r'ne f,low from Pv’2, T'n.' IIo'./s 

from the tv/o pumps are in the same dirocti.on to the main n.Cin.lfold , 

The flov/ from PVl always di’ivos J-LPl, The flo'w from PV2 d.rives 
either MFl _or MF2 depending upon phasing; 

1.21 Phase d t o Del i.yo ring Ehyp 

Valves r.HVl and FHV2 are in positioxi A, Bevh pumps 
(PVl and PV2) drive fixed hiydraulio laotcr MJl, 

1.22 P hased to Re ce ivin .g >Gh ip 

Valves PHVl and PHV2 are in position P, Pump PVl 
drives fixed hyth'aulio motor MFl. Pump FV2 drives fixed hydra\.ilic 
motor MF2. 
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1.3 Transfoi.' Flov; Ocrcraticj; 



Tho Trar.afe.- rio\} Gone 
f I nd t, 1 ;o h yd re \ 1 1 :i c v a r i a 1. 1 J v-. 
coupled to a coeiuon olnit 
ically l.lrdcod ai-id syncliroiiined 
a 1 1 \'a y ■ G t h e n r c t x c a 1 1 y e qu / ■ ] 
fi oni ?V3 and pv/;. arc in o] 

SiJr;u.ll.taneou3 flo;-j-y frorr, PI 
hydraulic motors I;F1 and 1 
directions. PV3 drives J-pr-,] rVi- d.rivcs ?IF2. 
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The flov/s fi’oru the tcnsi oni flC’',.'' ,* unoraLor a)v:i oho tr rcnr- .fs?; 
flov,r y/Cjierator are inteyralod at Uje icain ria;\iiold aj-d p.opnrjy 
distributed to MFl and I-rdPo Terisi oni up. correct ion rdtJi phaoin2; 
and transfer occur siiiiultanoously . 



1 • 5 A uxilia ries 

Electric Motor EM3 d]’ivos preosur-o comj.:-..-!., sated vrrieLle pur.ps 
(PV5 and PV6) to i-rovide Servo Cont-o] (P'o) and Hydraulic 
Replenishment {PVt>) sources. 



^ • 5 -1 Sei-». .'o Pii nU .1 

PV.5 providos source pi essin-e for pl;cse s’n.li'tiiy: , 
operatjon of the teneJ ‘‘‘rdn;:: coiitvol syotc::., cyv-vrr-'t, 'i of 
tho transfer control syste?.’ and operation, of t.ho sli..Ping 
block. Detail(.^d d esci'ii)tion:-3 of the onorat ir-re c.f th-eoc- 
systems vdll appear i-a s'at'.soc'-ient p;.ur-u,>rj:-aph.- , 

1 R 0 ^j 1 e?-.i is lif'ien t Pusio 



PV6 jjj'ovides raake-up flov; to tho oain drive tr^aitsiulssion 
to maintain hydraulic tightness, kcpolofrisho'crit i.s from 

PV6 through CV(^S; 1,2^3 and/or A to the main dr.i.ve hydrsTilic 
lines, Flo / from PV6 is also used to disongagr- spring sot 
brakes as further described btslov/. 

1.53 Bra kes 



Spring, set brakes are provi.dcd for each of the vnnch 
drums and for the .sliding block dr'ive: 

BRl Trans foT’ VHiip t/iric}i Drum 
BR2 Inboard i 7 h:i 2 -) Uinch .Drura 

BR3 .Sliciing Block Drive 

Manually operated levers are pr'ovidcd for releasing brakes 
follov/ing a hydraulic failur-e. 
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BRl and BR2 should be desi'^)ied to sl ip ’ jtl-i a su.f.'i'icj t-nt 
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factor to prohibit increasing', tension fiC”i buiJ.diua, v-lr-s breaking, 
strength , 

The bivakes are also dependent inion the n vail abi 1 itx^ of :d rai.il ic 
servo T)ressure foi' their operation. The spr-.o.l c.f valve HhTi is 
spring set to position :'i. 'rhich isolates and dr.vim' t'r i le t: > . , 
iiith servo pressure aval j able the -poo.l ‘.'f valve H.3V1 i'- pilot 
shifted to position R thereby (•oriai t ti n. • x ep.l oni shiuent p to 
release the vn'nch drum bi-alcs, RHl ar.d i.iis, aid pir-ov i p.n op--r-.. 
atinp pres.snre source for the sl.ioinp b.'’. r-r-k Inake, PK'l. 

, aa v.rol 1 h .i' w r f;pri__n.-. loidp:i_ ipo '■'•v.rui'ol l;.r.k'- 

ages stroking td'iv t en,'“i ori!r>: va.riat'.lc }:n.imrs PV.l a.rgi Pv'b, and 
transfer variable pumps PV3 ou'i [' 
center or "stop*'* positions. Th.e ' 
and ti'ansfer .control actuators CA] 
va.lves Khvl and H27i j.'osp'SCtiv:ly. 

K2V2 are spring loaded to rosloioiis .1 ’./hlch 
hydraulic fluid from one end of tbie control 
to the other end of the j ame control nctuati 
is availnlle the spools of valves H2V]. and } 
by servo pressure from ' spring loaded positions A to losj' lions B 
thei’eby bl.oc.king the hydraulic short ci’^cuit betsfoer. the ‘> 110.0 01 
each contrrol actuator. 

' In the event of loss of hydraulic servo px'essm'e the spools 
of valves H2V1 and K2V2 spring from operating po.citions B t.o sprrin.g 
loaded positions A thereby short circuiting the conui’ol actuators 
CAl and CA2, The spring loading forces the cont-rol 1 inr'ag;es to 
their center or ^k'top” positions tVtus stopping the hydraulic flov.'s 
to and from the hydraulic motors, HRl and. MR2 . The vrinch di-ums are 
stopped . 
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Ele ctric contro3. p o vrei' essential . Electric cortroi po’/ci” is 
essential for the control systems to operate as these sy5i terns 
include solenoid operated valves <, Va3,ve S33V1 isolates tlie con-' 
trol systems from the s e.rvo pressure source in the event of 
failure of electric po’ver to the control systems o The spool of 
valve SS3V1 is spring loaded to position A thereby isolating 
and draining the hydraulic lines of the control sy'stemso ’Ihen 
electric control poviev is available solenoid SOLI, electric cir- 
cuit branch Dl, is energized shifting the spool of valve SS3V1 
from spring loaded position A to position B thus permitting servo 
hydraulic |'lov/ to the control systems « 

In the following descriptions concerning the electric- 
hydraulic sequences for phase shifting, tensioning, stop 
correcting, transfer control and sliding block systems; the fail 
safe features described above v;ill not be referred to» Although 
the fail safe features are important they do not contribute to 
the operation of the systems described belov; beyond the extent 
al.ready stated above o Thus the descriptions of electric liydraullc 
sequences which follow are dependent upon the existence of adequate 
control electric and hydraulic servo and replenishing supply'- 
sources <, 

3, PHASE SHIFT (Figures 1 through 4) 

The phase shift occurs during both manual and automatic 
operation of the transfer system. The phase shift occurs auto- 
matically at a fixed position of the trolley v;ith respect to the 
delivering ship. The point at v/hich the phase shift occurs is 
dictated by the transfer sensor. Programming switch PSl opens 
or closes to initiate the phase shift. As the trolley moves away' 
from the delivering ship the inboard v;hip is paid out from its 
winch drum, ^ As the inboard v/hip winch drum rotates it also rotates 
flexible shaft FSl v;hich directly d rives pinion PI further driving 
spiroid gear SGI rotating the cam of programming sv;itch PSl. The 
fepeed 'deduction through the pinion and spiroid gear is 50:1, thus 
one rotation Of the cam of programming switch PSl corresponds to 
less than 250 feet of travel of the trolley'- from the delivering 
ship. The cam and switch of programming switch PSl are set to 
operate as the trolley passes thro-ugh Point I, a fixed distance 
from the delivering ship. 

Considering the three dimensional aspect this point is any 
point on a spherical surface with the •.oenter for this,’- spherical 
surface being the upper tangent of tne 'inboard whip ' fairlead 
sheave . 

The sequence of operations associated with the phase shift 

are: 



With the trolley enroute from its initial position at the 
delivering ship (zero distance from the delivering ship): 






{ 




In the v:icin.T i.y of v-hc dol iverir;£;, 
transfer of the trolley tov^ard the rec 
is phased to the deiioeriny s'nipo 



sh.lpj, 

eiirinp. 



dvuinf, in:i tia'i. 
s h p 5 t o n 3 i o n ± np 



PSl is open 5 electric circuit branch D2 
S0L2 is not energized: valve SSIVI is in i 



position Pilot pressure through valve SSI 
of valves PKVl and PHV2.« The pilot line to t 
PHVl and PHV2 is drained through valve SS4V1 , 
PHV2 in position A., Thus the hydraulic flov; 
ing variable pump PV2 serves fixed hydraulic 
the transfer-».vihip winch drum, hith PSl open 



variable pumps ^ PVl and PV2, 



drive 



the 



tran 



tensioning corrections are made witncut aifec 
the trolley relative to the delivering shiuo 



is broken and solenoid 
s spring loaded 
VI is CO the A end 
ho B end of valves 
with valvoo PHVl and 
generated by tension- 
motor MT'd. which drives 
botJi tensioning 
sfer v;hip winch drum and 
ting the peurition of 



ay 

ting 



When the trolley reaches point I (as the troi.ley moves aw 
from the delivering ship) programming svjitch PSl closes comple 
the electric circuit branch D2 thereby energizing S0L2: valve 
SS4V1 is shifted from position A to B* Through valve SS4V1 pilot 
pressure now flov/s to ends B of valves PlB/l and PHV2 v/hile ends A 



Valves PHVl and PHV2 shift from position A 



are drained . 

position B. Tensioning variable pump PV2 now serves fixed, hyd 
motor MF2 v/hich drives the inboard whip winch drumw 
each of the tensioning variable p^oraps drives a winch 



With PSl 
drum and 



raalic 

closed 



tensioning corrections are made 'without affecting the posi^ 
the trolley relative to the i-eceiving ship^ 



on o.t 



As the trolley passes through point I on 



its return to war 



the delivering shipj, programming svritch PSl is opened ds-energi zing 
solenoid S0L2o Valve SS4V1 is shifted from position 3 to spring 
loaded position A. In a manner similar to that described above 
but opposite, phasing is thus shifted from the receiving ship to 
the delivering ship as the trolley approaches the delivering ship. 



TENSIONING 



(Figyares 



through 5) 



^ Manual Operation 

4.11 Place operator switch CSl in "Manual''' (open) position. 
Electric circuit branch D3 is broken, therefore solenoids 
S0L3, S0L4 and S0L5 are not energized. Valves SS3V2, SS3V3 
and SS3V4 have their spools in spring loaded positions A. 
"With the spool of valve SS3V2 in position A return hydraulic 
flow is from servo valve SVl vrhile return flov; from servo 
valve SV2 is blocked. Valves SS3V3 and SS3V4 permit flov7 
through servo valve SVl to and from the tensioning control 
actuator CAl v;hile isolating servo valve SV2. 

4«.12 To " pay out "; Manually move manual tensioning control 
lever MTEL in "pay ou t" direction. Through a mechanical 
linkage vdth suitable reduction the spool of ser^'o valve 
SVl is also moved tov;ard direction A establishing hydraulic 
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fic'v/ i..hrouf'h sci'vo va.lve SVl and 3S3V3 to end A of cen: .■.onln^ 
contrci act'uatcj'’ CM, The B end oi the tenciondn*:" contnrol 
ao. vuator CM drai.na thr-oup;h valve SS.3V4, servo valve SVl anci 
valve SS3V2 to the reservoir , The rod of the tensroiiinp' con- 
trol. aettator CM noves in tnc ’'pay out” direction sirr-'Ul- 
tan.eousl.y stroking texisioning variable pUiT'.ps FVl and FV2, 

The sleeve o.f servo valve SVl is also positioned by movement 
of the rod of the tensioning control actuator CAl, As the 
rod of the tensioj'ung control actuator CAl apprcac'hes the 
pcsitio.a dictated by operator di splaceaent of the manual 
tensioning control lever M'ELj, the hyd:''aui1c ilov/ to and 
from th© tensioning control actuator CAl Is nullified , The 
final resp'cnse p-csition of the conti ol actuator CAl rod ^ the 
tensioning drive hydraulic flow and the resultant payout 
speed of fixed hydi'auiic motor MFl if phased to the deliver- 
ing ship cr of fi.xed hydraulic motors MFl and MF2 if phased 
to the receiving shipj correspond to the operator displace- 
, ment of the manual tensioning control lever I'-ITEL, 

4el3 To ’’pa y in” ; Manually move irianual tensioning control 
lever MTEL in ’’pay in” direction. The spool of servo valve 
SVl is also moved tov/ard direction B, Hydraulic flov/ 
through servo valve SVl and valve SS3VU is to the B end of 
the tensioning control actuator CAl, The A end of the 
tensioning control actuator CAl is drained through valve 
S33V3j servo valve SVl and valve SSJV2 to the reservoir. 

The rod of the tensioning control actuator CAl moves in the 
’’pay in" direction simultaneously stroking tensioning variable 
pumps PVl and PV2, The sleeve of servo valve SVl is also 
positioned by movement of the rod of t.Vis tensioning control 
actuator CAl, As the rod of the tensioning control actuator 
CAi approaches the position dictated, by operator displacement 
of the' manual tensioning control lever MTEL, the hydraulic 
flovi to and from the tensioning control actuator CAl is nulli- 
fied, The final response position of the control actuator 
CAl rod and the resultant pay in speed correspond to the 
operator displacement of the manual tensioning control lever 
MEL, 

» 2 Op eration of Inboard Ifnip V7 1 nch Drum Alone 

The main hydraulic drive transmission does not provide any 
means of operating the Inboard Whip winch drum only. For limited 
purposes, such as pl.acing wire upon or removing wire from the 
Inboard V7hip vclncri d rum, a means of driving fixed hydraulic motor 
MF2 alone at limited capacity is provided, 

4® 21 To operate Inboard Whip winch drum alone, manually 
shift Transfer ’Vhip bypass valve M4V1 from position A to 
position Bo Through manipulation of the manual transfer 
control lever MTRL the Inboard Whip winch drum may be 
rotated alone at limited speeds. 
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V.'it.ij the shi-ft of the 
f r o ni p s f 1 1 o n A to } ' o s i t \ 
system throuf.h valve M4V1 



T r c. r. £; f -j * W h ^ 1 > ;;/ p.' i r 
ori B, flow from the , 
shifts the opool cf 



va3 ve I'-i'/i'J 
erdenisf i I'lp 
valve H3V2 



from its spring It'Orjed pesi 
op'eraticn. The Transfer ;/h 
drained through valve H3V2 
Vi/hip v;ir-:.h dr’o.m b rake BR3. 1 
Simultaneo'osly v, throogb the 
the pay -in and pay-out side 
are cross connected r, Thus ■ 
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tho'r'i 
sfor 
tion <, 
M4V1 , 
MFl 
B 



fixed hydrauilic motor M.F1 
set bripke BRl is applied 
With manipulation of the 
MTRL orfiy fixed hydrajlic 
V/hip winch dromj v/ill be 



is short circuited and t;;e spring 
to the Ti'ansfer Whip wdnch drum, 
manual transfer control lever 
motor I4F2j driving the Inboard 
operated o 



manuai.lv 



tion B to 



i, » 22 To res to re to ri ormal o per ating c onditio ns 
shift Transfer Whip by-pass valv'-e hl4Vi from pos: 
position A. The pilot line to valve H3V2 is now isolated 
from the replenishing pressm^e by the spool >of valve MAV.lo 
Thus the pilot to valve K3V2 drains and valve H3V2 shifts 
from position B to its spring loaded position Ao I'^low from 
the replenishing supply’ nov; hydraulically releases uhe 
Transfer Whip vanch drum brake BRl, With the spool of the 
Transfer Whip bypass valve hlAVl in pC/Sition A, the cross 
connec/tion between pay’-in and pay-cut sides of fixed 



hydraulic pjo 
is nov; res to 
operation , 



tor 

red 



mf: 



,s blocked o Thus the winch assembly’’ 



for normal Tensioned Modified Housefall 



^ ® 3 A’atom at ic Operation 



4o31 Place operator switch OSl in ''A’atomatic" 
position^ electric circuit branch D3 is comple 
S0L3f S0L4 and S0L5 are energized , The spools 
SS 3 V 25 SS3V3 and SS3V4 are shifted from their 



( closed ) 

tedo Solenoids 
■of valves 
spring loaded 



positions A to positions B, The spool of valve vSS3V2 nov/ 
permits servo valve SV2 to drain while the return flow irom 
servo valve SVl is blocked o The spools of v al.ves SS3V3 and 
SS3V4 pjsrmit fiov/ through servo valve SV2 to and from the 
tensioning control actuator CAl v/hile isolating servo valve 



SVl, 



4*32 If tens io n is at desired value ; The spool of servo 
valve SV2 is located at its central 'position producing 
balanced flow to both ends of the tensioning control actuator 
CAl through valves SS3V3 and SS3V4; theoretically zero 
hydraulic flov; to both ends of the tensioning control actuator 
CAl, The strokes of tensioning variable pumps FVl and FV2 
are at the zero flov/ center position. The spool of servo 
valve SV2 is positioned by spring force opposed by the 
hydra’ulic force produced by the press’ure of the pay in side of 
the fixed hy’draulic motor MFl at differential actuator DAI, 
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paj 5.n side of i .Lxeo nydrauiac 
the piotcn rod of different 
direction Ao The spool cf 

direction A by the f.reat-er force of the piston o 
entlai actua.' ;,r DAI a.f:air!st spring coMpressien „ due to the 
increased pressu.'-e at the pay in side of the fixed hydraulic 
motor 
servo 
control 
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Mf 1 , 
val 
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e SV 



'"■’0 hydra. 



flew 



2 and valve SS3V to ena 



established t’nrough 



actuator CAl, The B end 



.* r 



A 

the 



of the 
tensio 



V t;, io j- ‘w/ : i 



■irig 



actuator CAl drains through valve SSlVi^j 
and valve SS3V2 to the reservoir « The 



i"od 



crir; contro--. 
servo val.ve SV2 
c.' f the t. e n s 1 o i ng 



control«,actua t or CAl moves in the ’'pay out” di recti simul- 
taneously str:king tensioning variable pumps PVl and FV2o 
The sleeve of servo valve SV2 is also positioned by movement 
of the rod of the tensioning control actuator CAl. As the 
rod of the tensioning control actuator CAl approaches the 
position dictated by the rig tension^ the hydraulic flow to 
and from the tensioning control actuator CAl is nullified. 
The final response position of the control act-uatcr CAl rod 
and the resultant pay out speed correspond to the quantity 
of tension discrepancy above the desired value of tension. 



0 3 4 As d isturbances decreas e r 
.n side of fixed hydraulic motor MFl decrease? 



^ tension: 



;ssure in pay 



niston rod of differential a ctuator DA' 



ausing the 
to move tov/ard 



direction B. The spool of servo valve SV2 is moved in 
direction B by the greater force of the spring against the 
piston of differential actuator DAl^ due to tlie decreased 
pressure at the pay in side of the fixed hydraulic motor MF’l. 
Servo hydraulic fiov; is established through servo valve SV2 
and valve SS4V to end B. of the tensioning control actuator 
CAl. The A end of the tensioning control actuator CAl drains 
through valve SS3V3, servo valve SV2 and valve SS3V2 to the 
reservoir,. The rod cf the tensioning control actuator CAl 
moves in the ”pay in” direction simultaneously stroking 
tensioning variable pumps PVl and ?V2c The slee^re of the 
servo vals'e SV2 is also positioned by movement of the rod 
of the tensioning control actuator CAl. As th'ev.rb-O' df-'^the 
tensioning control actuator CAl approaches the position 
dictated by the rig tension , the hydraulic fiov/ to and from 
the tensioning control actuator CAl is nullified. The 
final response position of the control actuator CAl rod and 
the resultant pay in speed correspond to the quantity of 
tension discrepancy below the desired value of tension. 



TRANSFER .(Figures i through 4) 
5.1 Transfer Sensor 



5.11 The transfer sensor receives mechanical inputs from 
the winch drums. Revolutions of each of the vm.nch drums 
are transmitted to the transfer sensor by flexible shafts 
FSl and FS2. V/ith these inputs the transfer sensor basically 
determines the movement of the trolley for control and indi- 
cator appl,ications. ’’Position” of the trolley for purpo'ses 
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of this description is the distaxice bev.\v"3cn 
one of the replenishing ships as measured al 

The pcsition of the trolley relacive to 
ship is obtained from she revoluti. oas of the 
winch drum. 



the t alley and 
ong the rig vdro 

the delivering 
Inbcard ’fhrlp 



The P'Cs:"tion of the trolley relativ 
ship is ^.obtained as the difference betwe 
of th.e Transfer V/hip v/inch drum and the 
drum. 



e to the receiving 
en the revolutions 
Inboard V/hip v.dnch 



Through cam and programming arrangements the Transfer 
sensor accomplishes the following control evolutions; 

F or both Manual and Autoinatlc Texisioning and Transf er 
Drive ; 

5 a 1 1 1 Pe rforms the initial switc h evo lut ion to s hift 
ph asin g at the proper location of the trolley during 
its transfer travel. 



5 oil 2 Stop correctio n. V/ith the manual transfer 
control lever MTRL in the step (vertical center) 
position and when in automatic transfer control w_th 
sv/itch 0S3 in the stop position. The transfer sensor 
detects unwanted movement of the trolley relative to 
the pa,rticalar ship to which the system is phased. 

5.113 Du ring automa tic transfer con tro l, the transfer 
sensor dictates the location at v.;hich the trolley starts 
its deceleration preparatory to the landing of the 
trolley at the ship tov/ard v/hich t.he trolley is moving. 

The control outputs from the transfer sensor are 
electrical signals produced by the opening or closing 
of cam. operated programming switches FSl through 5« 
Additional details of the operation of the transfer 
sensor will be included in the description of appli- 
cable portions of the system which are dependent upon 
the transfer sensor o 

5ol2 R emiote indicatio n; Synchro transmiitters TXl and TX2 
provide sj’nchro signals for remote indication of trolley 
position. A dial driven by a synchro receiver wired to 
Synchro transmitter TXl indicates the distance between the 
trolley and the delivering ship. A similar arrangement 
utilizing s}rnchro transmitter TX2 provides an indication of 
the distance from the trolley to the receiving ship. 



iO 



5 c 2 Ma rrj a 1 0 o e i-s t ?1 o ri 



5 0 2j. Cent r a ,1 Qp e ra t o r 



J npats 



5o21I Operator places sv/ltch OSl in '^Manual" 



Solenoids S0L6 and SOL? are not 



:siti 



Oii c 



e:ic 



circa:^t 



bi'-anch D4 is 



pea , 



Bran ‘ 



/.t 



zei 



FH 



.s oper 
in 



as electric 



Valves 



H ■■■ 



iet 



SS3V5 and SS3V6 thus have their spools 
positions A pjerinitting flcv; to and from serve valve 
SV3 through valves SS3V5 and SSJ'Jo to and from the 
transfer control actuator CA2 while Isolating DSV2« 
Further details of the electri;al circuitry involved 
vnlll follow, 



5.212 To ’^D ell v er , " (Move ti'olley toward receiving 
ship), operator moves manual control lever Ml’RL in 
''deliver” direction. Through A mechanical linkage with 
suitab.le reduction the spool of servo valve 3V3 is also 
moved tc^rard direction A establishing hydraulic flov; 
through servo valve SV3 and valves SS3V5 to end A of 
transfer control actuator of CA2. Hydi'^aulic oil from 
the B end of the transfer control a ctuator of CA2 flows 
to the reservoir through valve SS3V6 and servo valve 
SV3c The rod of control actuator CA2 moves simul- 
taneousi,y sti'oking transfer variable pumps PV3 and 

PV4. The sleeve of servo valve SV3 is also positioned 
by movement of the rod of control actuator CA2 as the 
rod of transfer control actuator CA2 approaches the 
dictated position. The flov; to and from the transfer 
control actuator CA2 is nullified. The final 
response position of the trajisfer control actuator 
CA2 rod and the resultant transfer drive fl.o’w corre- 
sponds to the manual transfer control lever MTRL dis- 
placement by operator. 

5.213 To " Return , ” (move trolley toward delivering 
ship) similar to paragraph 2 above but the manual 
transfer control lever MTRL is moved in "return” 
direction. System responds in opposite direction. 

The final response position of CA2 rod and the 
resultant transfer drive flov; corresponds to the 
manual transfer control lever MTRL displacement by 
operator. 

5»3 Stop C o rrectio n (Figures 2 and 4) 

5.31 The purpose of the stop correction feature is to 
provide the capability of stopping the trolley at any 
arbitrary intermediate point between the replenishing 
ships. Ideally this correction should not be required. 

The inclusion of this feature is to compensate for 
differences in the volimietric efficiencies among the 
major hydraulic drive components. 
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Through the tra.isfcv' sensor- ■ur.dcoir ccl in . / eracru of 
the trolley ,;.s deteci-odc Gorrectrvo act: on 00 : 10 :'. ots of 
automoti : adjustment of the neural (step) position of the 
transfer coirtrol linkage o 



5 3 ?- Ope rati, o n 



The stop c.orrection sy- 



tera 



one;:' 



?. 0.' e vvciOa 



5o32i In Manual Transfer Co ntrol Operator svaltch 
OS 2 



in 






manual^* position and 



control lever MTRL is in its ’’stop’ 



rnanuaj. ti-ansle: 
p:; sit ion . 



5»322 In Au to mati c Tra nsfe r Co ntr ol : 
0S2 is in "Auto” positions operator s 
in ”stop” positions and the ticansfer 
is at or near its center position viit- 
closed snap acting sv;itches SA3 and S 



Operator sv;itch 
witch OS 3 is 
co.nt3''ol jin.kage 
h normally 
A5 held operio 



5«>33 in Ma nual T ransfer Contro l, the electrical circuit 
branch D4 from F to K is completed by 0S2 in "mairual” 
position and snap acting switch ‘'.SAl being closed » Snap 
acting sv;itch SAl is closed v/hen the manual trans.fer 
control lever ICRL is at (or in close proximity) of the 
”Stop” positiono From T to ground DoC. current fiov/s 
through branch Ti v/ith relay operated contacts RC26 in 
their normally closed p)ositlon<. 



5.34 In Automatic Tran sfer Co ntrol , t. b e e 1 e c t r i c a 1 
circuit branch D4 from F to K is completed by 0S2 in 
"Automatic” position vifith relay opc:-ated contacts RC24 
in their relay operated closed position and relay- 
operated contacts, RC 51 nnd RC 6l in their norinally 
closed pc'sition. 



P’rom T to ground D = C-, current flov/s through branch 
T2 v/ith relay operated contacts PiC 25 in. their relay 
operated closed position and relay operated contacts 
RC 52 and RC 62 in their normally closed position® 

D.Cc electric current flows from P through electric 
circuit branch PI if relay R1 is not energized or through 
•electric circuit branch P2 if relay R1 is energized 
thence through branch Tl if in "Manual” or branch T2 if 
in "Automatic” to ground. 

5o35 Phasing . Energization of relay R1 is dependent 
upon phasing. 



5.351 If phased to the delivering ship „ programriing 
switch PSi is open and no current flows through 
electric circuit branch D2. Relay R1 is not ener- 
gized: relay operated contacts RCll are closed 

while relay operated contacts RC12 are open. Hence 
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electric circuit brcaich PI is cjcsed c bratcli P2 

is not Clutch CLi is engar-ed thore.rore the cams of 
programming SKitohes PS2 and PS3 are -di'i'/en through 
gears by flexible shaft FS3. from the Inboard Whij' 
winch drum. 



Cams of ])rogramming switches PS2 and PS3 are 
spring leaded (cn the shaft ) to an open neutj al 
position. If the Inboard Whip winch dram rotates, 
indicating movement of the trolley I'elative to the 
delivering ship, through flexible shaft FSl , gearing, 
and engaged clutch CLI the cams of progrtirnming 
switches PS2 and PS3 are also rotated. 

If the trolley moves a very small distance 
tov^ards the delivering ship programming switch PS2 
is closed completing the electric circuit branch^^Kl. 
Solenoid SOL 8 is energized, Tha spedt"! of" val^ie'DSVl 
is shifted from j.ts spring loaded center position A 
to position B, Hydraulic flow through valve D3V1 
to the A end and from the B end of stop correction 
control actuator CA3 advances the rod of CA3 to 
stroke simultaneously variable pumps PV3 and PV4 to 
’’Deliver <> ” 

As the trolley moves away from the delivering 
ship, the cam of programming svdtch PS2 is rotated 
in the opposite direction. As the trolley reaches 
its desired position (the position desired v/nen the 
control operator stopped the trolley), programming 
switch-.PS2 is opened. Solenoid SOLS is energized 
and the spool of valve DSVl returns to spring 
loaded center position A blocking all valve ports 
at that valve. 

If the trolley moves a very small distance 
away from the delivering ship, a similar sequence 
of events occurs ultimately adjusting the stroke 
of ti-ansfer variable pumps PV3 and PV4 to return the 
trolley toward the delivering ship , a slight amount, 
PS3 is closed, solenoid S0L9 is energized shifting 
the spool of valve DSVl to position C, v/ith resul- 
tant hydraulic flow to the B end and from the A 
end of control actuator CA3» Thus the strokes of 
transfer variable pumps PV3 and FV4 are simultaneously 
adjusted tovrard the return direction, 

5.352 I f phased to the receiving ship , programming 
switch PSl is closed and current flov/s through 
electric circuit branch D2, Relay R1 is energized s 
relay operated contacts RCll are open i\fhile relay 



1 



I 



\ 




I 



operated contacts RCt2 are c.leseie 
is closed v/nile branch Pi is c-pec. Clo 
engaged therefore the caris o.f pr eg,; ac'iTii 
PSR and ?S3 sre driven through gears by 
sliaft cf the d: ffer'ential „ This shaft . 



v-o bian:.}i 
I eh CL3 :-.s 
ng cv;ttchc 
tne rrocs 
as fur the 



Ft ' 



C' 



explained bel'cxcj rotates as the troJ.ley pi'srtio'i 
change.-v, , as related to the receiving siiip. 



The stop correction system operates x-n a nianner 
similar to that described above but vrltri the stepped 
position of the trolley related to the re..ei''/lng 
ship instead of the delivering; ship. If mevement 
of the trolley t.'tvard the receiving ship is detected 
prograiTiraing switch PS3 is closed; if rnc-vciaent of the 
trolley away from the receiving ship is detected, 
prograimning sxvitch PS2 is closed e 



5 • 4 Automatic Tra nsfe r Control 



5 « 4 1 Place operator switch 0S2 In ’’Automatic’' po s i t ion 
allov^ing current flow in electric circuit branch D4 from 
F to H. Soleiioids S0L6 and SOL?, electric circuit branch 
H2, are energized. Valves SS3V5 and SS3V6 have their spools 
shifted from spring leaded positions A to positions B 
permitting flovv to and from valve DSV2 through valves SS3V5 
and SS3V6 while isolating servo valve SV3o 

I 



5o42 To 
position 
and held 



’JStp_p,” place operator switch 0S3 in ’'.Stejj'' 

(this sv;icch is spring loaded to ’’stop*’ position 
in ’’Deliver” or ’’Return” posioions by eriergl zed 
solenoids SOLA or SOLB respectively) . With operator switch 
0S3 the ’’Stop” position current flov:s through electric 
circuit branch H31 energizing relay R2, Energization cf 
relay R2 closes relay operated contacts RG21 through 25 and 
opens relay operated contacts RC26 through 2o<, 

Control res p onse will depend upon the position of t he 
transfer- control linkage a t the time at v ;hich one rat or swit 
0S3 is shifted to the ’’Stop” positio n. 



5.421 I f the tran sfer control lin kage is at or near 
its cenuer ’’St op ” position, normally closed snap 
acting switchis SA3 and SA5 vd.ll be held open by cam 
surfaces on the transfer control linkage. Electrical 
branches I and II are broken s there is no current 
flow through relays R5 and R6 or eolenoids S0.L10 or 
SOLll . The normally closed relay contacts RC51, 52, 

61 and 62 are closed. Thus electric circuit branch 
D4 is closed to point K and electric circuit branch T2 
is a.lso closed. The preceding description of the 
stop correction system applies. 
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5o422 If the transfei cotjlr--, 

. 1^1 

t he ''Del:’ v er '' dir oc t ion a c t n e 

operator switch 0S3 is shifted to the 

snap acting; sv/itc)! SA3 is disengage 



,‘h 






• i.ir.e at ;/hi 

s j .1. c n j, 
cai'T'. and 



■ S I 0 






is in the nor'T'aily closed position. Current fiews 
through electri c circuit branch I er.ergi ring relay R5 
and solenoid SOLj.Io NorTnally closed relay operated 
coi'tacts FiC5i and 32 are opened by relay R5 th'creby. 
prohibiting operation of the step correction system, 
Egergization of solenoid SOLli shifts the spool of 
valve DSV2 to position C. Servo iiydraulio flow 
through valves DSY2 and SS3V6 to tne B end of transfer 
control actuator CA2 moves the rod of control 
actuator CA2 with the transfer control linkage in 
the "Return’’ direction., The A end of traresfev control 
actuator CA2 j.s drained through valves SS3V3 and DSV2 
and restriction RE2, which impedes the retur^. flow 
thus limiting trolley deceleration to 12 fp'i~. As 
the transfer control linkage reaches its center "stop" 
positiorij, ncrraally closed snapactiiig switch SA3 is 
engaged by its cam and opened discontinuing current 
floiv through branch I. Relay R5 and solenoid SOLll 
are de-energi zed riThe spool of valve DSV2 shifts from 
position C to its spring loaded center position A 
thereby blocking hydraulic flow to and from the trans- 
fer control actuator CA2o Relay operated contacts 
RC51 and 52 shift to their normally closed positions 
allowing current flo’w in branches Hi and T2, The 



transfer control linkage is nov/ 



or near its center 



•stop" position. The stop correction system func- 
tions as described ab-oveo 



5 e 4 2 3 I f t he transfer co ntro l lin kage is dis placed 
towards the "Return" d irect ion at the time at which 
operator switch QS3 is shifted to the "stop’’ position, 
snap acting switdh SA5 is disengaged from its cam and 
is in the normally closed position. Current through 
branch II energizes relay R6 and solenoid SOLIO. 
Energization of relay r 6 opens relay operated contacts 
RC6l and 62 prohibiting operation of the stop correction 
system. Energization of solenoid SOLIO shifts the 
spool of valve DSV2 to posi.tion 3 thereby moving the 
transfer control linkage tov/ards the "Deliver" direction 
■'As the transfer control linkage reaches its center 
"Stop" position, normally closed snap acting svnltch SA5 
is engaged by its cam and opened discontinuing current 
flow through branch II, Relay 6 and solenoid SOLll are 
de-energized. The spool of valve DSV2 shifts from 



I 
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I 
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p'.'Siticn B to its spring; j.caciod .enter pes: ,5c i A. 
Relay eporated contacts RGol and 62 shift to their 
norraally closed pv-sitionsc The t-ra,ns£‘e'; contT'’ol 
linkage is now at or near its center ’tstop” position 
The stop correction system fiinctiorns as described 
above o 



o 



n’ switch C533 ir tne 
:;ircuit branch H32 to 



0 



y R3 are energised* 



cf 



t c h 
R3 



5,43 To '^Deliver^^^ place oparat; 

"deliver" position. Electric i 
completed. Solenoid SOLA and : 

Energisation of solenoid 'SOL A maintain 
0S3 in the "Deliver" position, Energi zat.ion 
closes relay operated contacts RC31 arid opens normally 
closed j’elay operated contacts vRC32 , Res'uiiant current 
flow through branch D6-III energizes relay R6 and solenoid 
SOLIO, (Operation of relay r 6 concerns the stop correction 
system and was explained above.) Energization of solenoid 
SOLIO shifts the spool of valve DSV2 from spring loaded 
center pi'sition A to position 3, Servo hydraujic flcv/j 
through valves DSV2 and SS3V5 is to the A end of the 
transfer control actuator CA2 which moves the transfer 
control linkage tov;ards the "Deliver" direction. The B 
end of the transfer control actuator CA2 is drained through 
valves SS3V6 and DSV2 and restriction RE2 v/hich impedes the 
return flow thus limiting trolley acceleration to 12 fps.*^ 
As the transfer control linkage reaches its maximum speed 
"Deliver" positioHj normally closed snap acting switch SA2 
is engaged by its earn and opened discontinuing current flcv; 
through branch III, Relay R6 and solen'old SOLIO are de- 
energized. The spool of valve DSV2 shifts from position 
to its spring loaded cente^r'- position A thereby blocking 
hydraulic flov; to and from the transfer control actuator 
CA2, Th.e trolley is now proceeding in the "Deliver" 
direction at maxim/um speed. 



B 



As the trolley proceeds from the Beli.vering Ship tow’ard 
the Receiving Ship^ flexible shafts FSl and FS2 common with 
the Inboard V/hip winch drum and the Transfer VThip winch drum 
shafts directly drive, through suitable gears, the sun gears 
of a differential at the Transfer Sensor, The resulting 
revolutions of the dif ferential c ross shaft are indicative 
of trolley position as related to the Receiving Ship. The 
differential cross shaft is coupled directly to a pinion P2 
which meshes vdth a spiroid gear SG2 which in turn rotates . 
the cam of programming sv;itch PSA » The rotational speed of 
the differential cross shaft is reduced 50^1 through the 
pinion-'Spircid- gear P2-SG2 combination. 

When the trolley reaches f^oint II, programming switch 
PSA is cam operated from its normally closed position to 
open. The electrical circuit branch H32 is broken de-ener- 
gizing solenoid SOL A and relay R3, Relay operated contacts 
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RC31 return to their normaj.iy ox>ened p 
operated contacts RC32 return to ther.r 
position^ De-enerf;iv5ati on of solenoid 
svv'itch 0S3 which shifts to its center 



0 i i. . o n V'jh. r '1 e li: 1. o y 
noi-rari j.ly closed 
SOLA lo'.'leoocs operator 
spring loaded "stop'' 



position. The trolley :is brought to a 
described above vAd h the transfer contr 
toivards the ’’Deliver” direction at the 
switch 0S3 is shifted to the "stop” pos 



step in t/'ie rianr-er 
ol I'inragc displaced 
tine at which operator 
1 1- o V; j pa r a gr a pi I 3 e i 2 2 



5 e44- 



To 

position, 
Solenoid 
solenoid 
position . 
contacts 



"R etu r'i’h place operator switch 0S3 in "Return” 

Electric circuit branch H33 to 0 is corcp?_etcd. 

'SOLE and relay R1 are energized. Energization of 
SOLE maintains operator switch 0S3 in the "Return" 
Energisation of relay' R4 closes relay operated 
RC41 and opens normally closed relay operated con- 
tacts RC42 o Resultant current flo’w through branch D2-IV 
energizes relays R5 and solenoid SOLll. (Relay R5 concerns the 
stop correction sy”stem.) Energization of solenoid SOLll shifts 
the spool of valve DSV2 from spring loaded center position A 
to position B. Servo hydraulic flow through valves DSV'2 and 
SS3V6 i&'vto' *lie: B end of the transfer control actuator CA2 which 
moves the transfer control linkage towards the "Return" 
direction. The A end of the transfei'’ control actuator CA2 
is drained through valo^'es SS3V5 and DSV2 and restriction RE2 
which impedes the return flov; thus limiting trclley accelera- 
tion to 12 fps^o As the transfer contr.c] linkage 



.inkage reaches its 



maximum speed "Return" positionj normally cicsed snap acting 



switch SA4 is engaged by-' its cam and opened discontinuing 
current fJ.ov; through branch IV. Relay Ry and solenoid SOLll are 
de-energized. The spool of va.lve DS72 shifts from position 
C to its spring loaded center positdon A thereby’ blocking 
hydraulic flov/ to and from the transfer control actuator CA2. 

The trolley is now proceeding in the "Return" direction at 
maximum speed. 



As the trolley proceeds from the Receiving Ship toward 
the Delivering Ship, flexible shaft FSl common with the 
Inboard Vhip ;vinch drum drives a pinion PI which meshes vdth 
a spifoid gear SGI. The spiroil gear SGI in turn rebates the 
cam. of programming sw-itch PSy. The rotational speed of the 
f^lexible shaft FSl is reduced 50:1 through the pinion-spired 
gear Pl-SGl combination. 



When the trolley reaches point III, programming switch 
PS5 is cam operated from its normally closed position to open. 
The electrical circuit branch H33 is broken de-energizing 
solenoid SOLE and relay R4. Relay’ operated contacts RC41 
return to their normally opened position ;\rhile relay operated 
contacts RC42 return to their normally closed position. De- 
energization of solenoid SOLE releases operator svdtch 0S3 
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v/hrlch shifts to its centor spr.l;:ifi loaded ’’sr-op-’ posit I'ori. 

The troi-ley is brouflnt to a stop in tlio nrinr.cr dcscribod above 
v/ith the transfer control linkaf^o displaced towards the 
’'Ret'orri'’ direction at the tinis at v/hich operator sv;itch 033 
is shifted to the "stop’^ position, paragraph 

6. SLIDING BLOCK (Figures 2 and 6) 

6,1 To raise the s liding blo ck the operator depresses nonnally 
open spring loaded push 
circuit branch DS, Sole 
spool of valve DSV3 is shifted 
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sliding block 5 

Restrlbtion RE3 impedes the retui'n hydraulic flew thereby 
limiting the slidi.ng block acceleration and sj:)e8d as desired. 

Replenishing Inydraulic flow through valve SS3V7 releases 
spring set brake BR3 which otherwise v/ould tend to hold the 
sliding block at a fixed location. 



The operator maintains manual pressure unon push button 

:h or ^ 

to raise, 



sv/itch 0S4 so long as he desires the sliding block to continue 



If the upper limit of travel of the 
normally closed limit s|.ap acting switch 
open and electrical circuit Branch DG is 
energizing solenoids S0L12 and SOLllo 



sliding block is reached 
SA6 is cam operated to 
broken thereby de~ 



The spools of va.lves DSV3 and SS3V? shift from positions' A 
to their spring loaded positions 3. Hydraulic flow to and from 
fixed hydraulic motor MF3 is blocked by valve DSV3 and the ; 
hydraulically released brake BR3 is isolated and drained by val’|e 
SS3V7. Brake BR3 spx^ings to its locked position. The upv/ard 
travel of the sliding block is stopped and locked. To stop the 
sliding block at an intermediate height the control operator 
releases switch 0S4; sequence of operations is the same as if 
the upper limit was reached except that electric circuit branch 
D3 is broken by the open switch 0S4 instead of the limit switch 
SA6 o 



6.2, To lower the sliding bl o ck the operator depresses normally 
open spring loaded push button “switch 0S5» Sequence of operations 
is similar to that described above for raising the sliding block. 
V/ith svdtch 0S5 depressed solenoids S0L13 and S0L14 are energised. 
The spool of valve DSV3 shifts from spring loaded position A to 
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position B establishinp, hydr-aulic flov; to and from fired hyd'-aalic 
motor M.F 3 thereby lowering the sliding blocks The spool of valve 
SS3V7 shifts from spring loaded position A to position B, thereby 
releasing brake BR3 freeing the sliding block for operation, 

/ 

If the lower limit of travel of the sliding block is reached 
normally closed limit sitap acting switch SAp is opent'd thereby 
de-energizing solenoids SOL I3 and SO-L 14 -, The spools of valves 
DSV3 and SS3V7 shift from positions C and Bp respect i vely , to 
positions A. Hydraulic flow to and from the fixed hydraulic motor 



MF 3 is bl cocked and brake BR' 
trolley is thus stopped. 



i.S 



The down,war'd travel of the 



By releasing push button switch OS5 the operator can 
the sliding block at any intermediate position. 



st 



op 



STATUS. TENSIONED MODIFIED HOUSEFALL MODEL MARK II, 



7.1 Plans developed for Tensioned Modified Housefall Model Mark 
II are: 



BUSHIPS NO . 



Title 



521 2022315 A 



THHF Model MK,II Hydraulic Motor 
and Winch Drum Shafts and Mounts. 



521 2022328 



TMKP Model MK,II Preliminary Arrangement 
and Structural Details, Sliding Block, 



521 2022330 

521 2022384 



TMHP Model MK,Il Hydraulic Pump and 
Brake Mounts. 

TMHP Model MK.II Hydraulic Manifold 



7-2 Items on hand at San Francisco Naval Shipyard 



Item Q liantity 



MPl & 2 2 



PVl thru 4 4 



PV 5 1 



Remarks and/or Description 

WSI Series 900 Fixed Displacement 
Hydraulic Motor, See pag.'e 66 of 
reference (a) for description. On 
loan V/ashington Scientific- 

Industries, Inc., Minneapolis, 
Minnesota . 

Vickers PVB -10 Variable Displacement 
Hydraulic Pump, See page 66 of refer- 
ence (a) for desci’iption, 

Vickers PVB -5 Pressure Compensated 
Variable Displacement Pump, See 
page 66 of reference (a) for descrip- 
tion. 
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.I t-e rp .Quant ity 
PV 6 1 



EMI 



1 



EM 2 & 3 2 



Controller 1 
for EMI 



.Renia v'a s e ncl / or D o s c r j on 

Vickers VVt-^C-'lO Pressure Compen- 
sated Variable 1-i splacement Pump, 
See page 66 cf ^'eferenc e (a ) f or • 
descript icn„ 

Marathon Electric i5 RP AC Motor , 
1?60 RPM, TEFC, Double Shafu, See 
page 67 of reference (a) for 
descriptioiOo 

Marathoii Electric 5HP AC Motor, 
1740 RPM, TePC, Double Shaft. See 
page 67 of reference (a) for 
descripti on. 

440 Volt 3 Phase 60 cps Ac 



Controller 2 

for EM 2 & 3 

Push Button 3 

Start-Stop 

switches 

V/inch Drum 1 

V/inch Drum 1 

Pressure" 2 

Rollei" 

Assemblies 

Shaft 8 

Couplings 



Flange V' 4 

Mounted 

Bearings 

Sheaves 18 

approx. 



440 Volt 3 Phase 60 cps AC 



NEMA Watertight enclosures; 
for EMI thru 3. 



Transfer W'hip, LeBus grooved 

for 3./8''' 7 X 19 strand core GRES wire, 

Inboai’d Vlhip. LeBus grooved for 
1/8" 7 X 19 strand core ORES wire. 

LeBus 



Thomas Flexible Disc Type. 

MPI and 2 to v;inch drum shafts 
EMI to PVl & 2 
EM2 to PV 3 & 4 
EM3 to PV5 & 6 

Schafer Self Aligned to 
support winch drum shafts. 



Tapered Roller Bearing 5” ^ 6 " nominal 
OD. Grooved for 1/8" vjire. To be 
used for sliding block assem.bly, fair 
leads, trolley and housefall block. 



f 




/; ?o 



rtem 

Wire 



Quant^ij^ 

i OC’.O f '0 
approx,, 



R eiT iar 'ke an r, /c r Wcrc r , d- j. or 
i/8'* 7 >- ^9 r.trand core GRES. 



• 3 T he mai n h y d r a 'a i i c man i fo'jri v ;ae dee lr neo I'o nioun t__t h g 
f o l 1 o v/inn; valv e a (BU, SHIP’S Plan 321 20223s-' To 



J tern Quantit y 

PHV 1 & 2 2 



RVl thru 4 4 



CVl thru 4 4 



M4V1 1 



Rem arlcs and./or Description 

Rivett Lathe & Grinder ^ Inc. „ model 
6805-1 o DouPue hydraulic pilot 
operatsa. No springs, 2 position, 

4-vjay valve (ro be used as 3-way 
valve )o 1" size. Mounting sur- 
faces to be machined on manifoldo 

Fawick Corporation Hydraulic- 
Electronic Division adjustable 
cartridge relief valve 131189-020. 
Mounting cavities to be machined 
in manifoldo 

Combination pump Valve Co. check 
valve cartridges catalog No. 665-1 « 
Mounting cavities to be machined in 
manifoldo 

Denison val’-^e 1/4" 4-v;ay manually 
operated detent positioned, sub-plate 
typs. 3 detent No. DD 023 513 D type 
3 spool (to be used in 2 spool posi- 
tions only, including center position). 
Mounting surface to be machined on 
manifold. 



7.4 The follov/inp: items are required . No commitment exists in 
design or availability for specific manufacturers' components 
listed. This is not a complete list. 



'Item 


Quantity 


Remarks and/or Description 


OSl &. 


2 


2 


Manually operated 2-position de tented 
sv;itch. 


OS 3 




1 


Manually operated 3“POsition switch. 
Spring loaded to center "Stop” position 
Held in "Deliver” position by energized 
solenoid SOL A. Held in "Reuurn” posi- 
tion by energized solenoid SOL B, 


0S4 & 


5 


2 


Manually operated push button sv/itches. 
Spring loaded open. 
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v; ? 



I*.' ,.:n 

SOL A ‘ Sc B 



Q. uo n I 



2 



SOL 1 thru Vi- 1^- 



PS 1 k 3, 2 

PS 2 & 3 assemblies 

2 

program^ 

tnlng 

switches 

each 

assembly 
PS4 1 



SAl thru 7 

7 

Rl, ECU & 6 

17 

R2, RC21 
thru 28 
R3, RC31 
& 32 

R4, RC41 & . 

42 

R5, RC51 & 

R6, RC61 & 

62 

CLl & 2 I 

assembly 
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MaJ 


n 'yj. 11 


ubj 
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) — 1 

^'3 


Z. 1 ' 






’be/ .. 


pos 


1 b i oil 


va*jb 


•/: on 


Oi- g 


! ed 


o 






Val 


ve actual 


'b i. ct? o 


0 


bbai 


ncci 


w:. 


tn 


val 


V C o 


Tne 


o 0 S 




no id 


S 0 


i-'jOU 


id. 


be 


heavy 


dut 


y oi 


j i 


miner 


sed 


ty 


P'O O 


115 


volts 


60 


cps 


A, 


1 > 
V. 








Precision 


Me 


c'nan 


1 sm 


s Co 


rp. 


Ad 


jus table 


cam 


sviitc 


h m 


odel 


CS 


402 









Precision Mechanisms Corp„ 

Adjustable earn switch model CS402->1 
v/ith double ended shaft extension^. 

Salt water and oil environment proof 
snap acting svritches. 

Salt vrater and oil environment 
proof relays o 



Guidance Controls Corpo Duplex Clutch 
Model HCC 8 24^28 Volt DC, 



Transformer- 1 
Rectifier 

TXl & 2 2 



Synchro 2 

Receivers 



115 Volts 60 cps AC to 28 Volts DC 
for clutch operation. 

Synchro Transmitters to provide remote 
indication of trolley distance to 
either replenishing ship. 

Not shown. To provide remote indication 
of Trolley distance to either replenish- 
ing ship. 
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Item 


Quany.ty 


Hema:>'ks and/or p_os(_r j-jjr - pri 


FSl & 2 


2 


riechaniccil s:.f',nal t; ansini r.sioj fro'fi 
winch drums to Trcmsfcr Sensor, Snouli. 
be laiype size to ni:..n:.m:".ze lost motion. 


Pi=.SGl. 
P2^SG2 ■ 


2 

sets 


Precision Instrumenr. Components catalog 
code PJ & EK, Sp ,roid gears. 


Dif f erenti 


al 1 


Precision Instrument Components catalog 
cods V„ 


SVl thru 

3 


3 


Mechanical servo valves. Will most likely 
require specific designs, Gizc depends 
upon control dynamicso 


CAl thru 

3 


3 


Double end double acting hydraulic actuator 
2000 psio rating. Size dependent upon 
avilability and control dimensions and 
dynamics e 


DAI 


1 


Single end double acting hydraulic- 
actuator, 2000 psio Size dependent upon 
avilability and control dimensions and 
dyna.m i c s » 


DSVl thru 

3 


3 


Valve 1/4'’’; 4-way, 3“POsition;, double 
solenoid operated, spring centered, heavy 
duty oil immersed solenoids.. 


SS4V1 


1 


Valve, 1/4", 4-way, 2-position, single 
solenoid operated, heavy duty oil im- 
mersed solenoid. 


SS 3 VI thru 
6 


'6 


Valve, 1/4", 3“Way, 2-position, single 
solenoid operated, heavy duty oil im- 
mersed solenoid. 


H3V1 & 2 


2 


Valve, 1/4", 3“Wayj 2-position, single 
• hydraulic pilot operated. 


H2V1 & 2 


2 


Valve, 1/4", 2-way, 2-position, single 
hydraulic pilot operated. 


REl thru 3 


3 


For initial orifice determination: variable 
calibrated orifices. 


MP3 


1 


Low speed high torque fixed displacement 
hydraulic motor, V/ashington Scientific 
Industries, Inc, Motor Series 350 probably 
well suited. 


F 


2 


Filters, Initial and continuous filtratioi 
to 25 microns or less is essential. 
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^ :'3 



Ac c 

BB 1 
thru 3 



Quan ti ty Rcm-i r ks and/o .'^ Dea c i ipt xo n 

2 Replenish irg .ay n tern; 200 pax. 

Servo System I^^OO' 2000 psi. 

3 BuShips plan No. 52x 2022330 
ba.aed upon Goodyear Industrial 
brake No, PD 1 ^j 36 SK Wagner 
Electric Corp, Type SOH induacriax 
brake also adaptable. 
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APPENDIX E 



LU14PED IMPEDANCE 
ANALYSIS 
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